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Geometrical Principles Applicable to the Design 
of Functional Fabrics 


F. T. Peirce * 


Part I. Introduction 


Geometry began in Egypt because of the need to 
redivide the fields flooded by the Nile, a most 
eminently practical purpose. The priests used it 
also in the service of their religion. To the Greeks, 
especially to the Pythagoreans, geometry was a 
spiritual exercise rather than a mechanics art, and 
these two attitudes have alternated in the history 
of the subject up to modern times, when Sir James 
Jeans asserted that Creation was based on mathe- 
matics. This view might be stated as follows: The 
real substance of the objective world consists of 
point events in a continuum of four or more dimen- 
sions. It is the perceiving mind that builds forms 
and endows them with identity and quality. 
Mathematicians holding such views do not feel 
the need of justifying their studies by any practical 
objective but believe that the most abstruse de- 
velopments of geometrical logic will add to the 
understanding of reality. Einstein found essential 
to his theory fantastic geometry that at the time 
seemed the purest exercise in logic, and he is spend- 
ing his later years in the search for a unified field 
theory that will reduce all phenomena to geometry. 

Although this objective may never be realized, 
the search for it continually strips veil after veil 
of superficial distinction to reveal underlying uni- 


—. 
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ties. The classical example in physics is the reduc- 
tion of color, heat, radio, actinic, x- and y-rays to 
a mere range of frequency, or scale of length— 
a simplification which has given incalculable power 
and profit to men. It would never have been 
attained by ‘‘applied research.”” The seeds were 
sown in a pure exercise of the understanding. 

In textile technology, there is no time for abstruse 
exercises in pure logic but we need to simplify and 
generalize our categories. There are ducks and 
dimities, cord fabric and chambrays, tapes and 
tapestries, silks and synthetics, fibers and fabrics 
in an endless variety that make even sunsets seem 
monotonous. Technologists spend years acquiring 
knowledge of cotton ducks and remain ignorant of 
wool or even of shirtings. To make clear the 
underlying unities in textile materials and to de- 
velop a simple general description of their basic 
forms in idealized geometry may seem abstruse in 
its initial theorems but soon proves to be a great 
saving in time and labor. Practical experience 
with any one fabric gives general lessons applicable 
to many or all fabrics. The development of an 
efficient water-holding canvas established principles 
and relations that provided designs for a large range 
of fabrics of the most varied uses, in fire-hose, 
tents, ditching suits, raincoats, mosquito-proof 
shirts, ladies’ capes, even babies’ panties. The 
time and labor saved in experimental productions, 
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and the possibilities brought to light, which mere 
rule of thumb had missed, were a tremendous 
dividend resulting from a little impractical theoriz- 
ing, ignored as long-haired nonsense by the hard- 
headed, practical men of the trade. 

Certainly pure geometry is not a sufficient guide 
to the design of useful materials. It must be trans- 
lated into physics by relating the mathematical 
assumptions to tenable hypotheses that describe 
real things and phenomena effectively, and then 
into engineering, by an intimate knowledge of ma- 
terials and by observations on the behavior of things 
in their fields of use. In a previous paper [1 ] 
(“Geometry of Cloth Structure,” to be referred to 
hereafter as “‘G.C.S.’’) the writer used the term 
“cloth engineering,’ which was already a cliché in 
the Shirley Institute, where the approach to textile 
design and function which it represents had long 
been the basis of a vigorous consulting practice. 
It is based on the geometry of fibers, yarns, fabrics, 
and garments or other cloth structures. 

In G.C.S. and in the theorems included in the 
sections on crimp theory, geometry of knitting, etc., 
in the present paper, there are some mathematical 
analyses which may not prove of financial profit to 
anyone. Some of these are useful only in showing 
that the features analyzed are not of practical im- 
portance. Even the most practical formulas must 
be developed in greater detail than would be neces- 
sary for application, so that they may be criticized, 
corrected, and established as a sound theoretical 
basis for analysis of empirical observations. 

The present paper is intended to provide a 
theoretical basis and broad background for a later 
discussion of more specific and practical applica- 
tions to the functional design of fabrics and textile 
equipment. It may have a greater appeal to those 
who are interested in developing the methods of 
investigation rather than to the practical cloth 
designer, although these methods have already had 
their effect on cloth design. 


Part II. General Discussion 


Geometrical Basis of Cloth Engineering 


Textile technology is developing step by step 
from a traditional craft to a branch of scientific 
engineering. It advances on two legs, production 
engineering and scientific design. They depend on 
each other for progress and support but are two 
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distinct members of the body of textile technolo; y. 


It is with scientific design that we are now concern«d, 

The design of a piece of textile equipment is the 
basis and starting point of production engineering, 
the job of which it is to carry into effect the ideas 
and plans of the designer. The latter is limited by 
the technique and economics of production, with 
which he must be sufficiently familiar to avoid im- 
possible, unnecessarily difficult, or costly constriuc- 
tions. This liaison is greatly facilitated by utilizing 
the principles of cloth geometry, particularly of 
crammed or limiting constructions as well as the 
easy, broad generalizations which can be obtained 
through geometrical similarity. 

Although design is limited by production tech- 
nique, it is inspired and guided by the study of func- 
tion. This is the “field engineering”’ of textiles, in 
which the behavior of textile products is studied in 
service, and after service. One would best begin 
at the end, by examining articles which have be- 
come unserviceable, to determine the causes of 
ultimate failure and the changes caused by use. 
Quick results are often obtained by employing 
obvious ideas for the improvement of weak features, 
but other defects call for fundamental studies of 
cloth anatomy and properties. Such studies of 
used articles, garments, and materials have been 
pursued rather effectively at the Shirley Institute 
[2]. The performance of the article is studied 
‘in the field’’ during its normal service life. The 
external physical conditions and the reactions of 
the material to these conditions are observed, 
measured with instruments, and analyzed. This 
should be done first in normal, uncontrolled use to 
give a true picture. To ensure a proper sense of 
proportion and valid generalizations, the pertinent 
features that emerge from ordinary experience are 
subjected to statistical observation and analysis. 
Then it is safe to impose controls, to limit the 
variables, and to choose the simpler conditions 
which are fundamental, significant, typical, and 
amenable to quantitative study. During the war 
striking developments were made in this type of 
work by the U. S. Quartermaster Board and also 
in Canada. 

Such controlled, quantitative, and objective 
practical trials often give decisive conclusions on 
the merits and demerits of particular articles for 
their specific purpose. - But they are slow, costly, 
and highly specialized. Laboratory 
needed for the speedy development, control, and 
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cho:ce of the vast range and quantity of textile 
materials produced. The relationship between test 
behavior and cloth anatomy must be determined 
if the conclusions obtained in service are to be of 
gencral validity and application. 

A test which is merely a superficial imitation of 
the apparent features of service usually misses the 
essential features or distorts them, yet fails to 
reduce the physical conditions to that simplicity 
which is necessary for the establishment of general 
relationships between the constitution and con- 
struction of the material and the physical condi- 
tions to which it is subjected. The current range 
of textile tests have been developed without an 
adequate foundation of field engineering on the one 
hand and of fabric anatomy on the other. It would 
be a good idea to discard them all and start again, 
after we have a sufficient background of knowledge 
in field engineering, cloth geometry, and the physi- 
cal laws relating their measurable features. 

To implement the lessons of field engineering, the 
laboratory should provide a fund of information on 
materials and cloth constructions and the relation- 
ship between these and physical properties—that 
is, of behavior under simple, defined, controlled 
conditions. ‘The more completely these relation- 
ships can be reduced to geometry, the more general 
the application of experience and knowledge be- 
comes. It never will be complete, because geom- 
etry must always be supplemented by the expert 
knowledge of particular materials and by field expe- 
rience, but the complex of craft and horse sense 
which the expert acquires is made more effective 
by the generalizing power of geometry; there is no 
reason to burden the mind with facts that can best 
be expressed by simple, general, logical formulas. 
This reduction of complex reality to simple geom- 
etry is a progressive process which never ends, never 
attains perfection, but gives dividends from the 
beginning. Geometrical forms never 

representations of reality, not even the 
accurately turned forms made on a lathe. They 
represent simplifying assumptions, and a_ geo- 
metrical theorem must be judged by its validity 
and its consistency with the given assumptions. 
Agreement between the mathematical conclusions 
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tively, usefully. One glance at a fabric will show 
that the assumptions made for the first approxima- 
tion to cloth anatomy in G.C.S., and in this paper, 
are not “‘true’’ but we have found them very useful. 

To bridge the gulf between mathematics and 
reality, there are several devices which by-pass the 
complexities of material things to lead to the simple 
relationship between geometry and physical meas- 
urements that one can use in design—the theory of 
dimensions, topological equivalence, models, geo- 
metrical similarity, dimensionless constants, ideali- 
zation by simplifying assumptions, with empirical 
constants and parameters, and successive approxi- 
mations. These devices will be discussed in later 
sections. Common sense helps a lot, too. That 
is what makes a mathematician into a physicist. 

The field of cloth geometry may be divided into 
three sections: anatomy, strain, and flow. 

The anatomy of the normal, undistorted weave 
is concerned primarily with productive technique 
and is also the basis for the analysis of strain and of 
flow phenomena. It has two aspects—the form 
of the unit cell of the weave, highly idealized, which 
is the main subject of G.C.S., and the fine structure, 
the form of the yarns and their constituent fibers. 

Strain analysis is primarily a study of the ex- 
tended lattice of the two sets of threads, warp and 
weft (or filling), although it employs relationships 
developed in the crimp theory of the unit cell. It 
is a vast subject, which is being actively pursued 
at Shirley Institute, and a separate section will be 
devoted to it (page 126). This is the basis of 
statics, and strength of materials, concerned with 
the maintenance of shape, size, and serviceable 
condition, and with the development of complex 
curved forms (garments) from plane laminae 
(cloth). 

“Flow” is a short term covering those phenomena 
with which the essential functions of textile equip- 
ment are concerned—flow of air, water, vapor, 
heat, light, dust, electricity, etc., to which cloth 
acts as a barrier. The geometry of the interstices 
of the unit cells would assist in this field, but this 
presents difficulty in mathematics. Model theory 
seems to provide the best approach at the moment. 

The breakdown of cloth geometry into separate 
subjects, capable of simpler and more quantitative 
treatment than the form of a real cloth in all its 
complexity, may also be approached from the point 
of view of mechanisms of deformation. The chief 
of these are: (a) angle shear and thread bending 
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in the cloth plane; (6) crimp redistribution; (c) 
thread compression, with flattening and extension; 
(d) fiber extension. 

Generally, these are all combined in the deforma- 
tion of a real cloth, and in different proportions 
according to the physical character of the cloth 
and the boundary conditions imposed. In such a 
complex and variable combination, the deformation 
of the form of a cloth is intractable. It is simpler 
and more rewarding to consider the different de- 
formation mechanisms separately. When each of 
the above types of deformation is isolated, the 
problem of the form of the cloth and its strain is 
more purely geometrical; when they are combined, 
the form is determined by equilibrium between 
different forces depending on physical constants of 
the material, and the problems then extend beyond 
geometry. 

Commonly, the mechanisms listed in items (a) 
to (d) above are favored by a cloth in that order, 
the resistance increasing also in that order. To 
reduce the study of form and strain to geometry, 
one may assume that these resistances are of in- 
creasing order of magnitude and one may neglect 
deformation due to a later member of the series, 
while the boundary conditions allow deformation 
by an earlier member. Thus, if a piece of cloth is 
strained by constraints which do not grip one 
thread twice, a cloth open enough to allow angle 
shear and thread bending will be deformed by these 
methods almost entirely, especially if the threads 
are fine and hard, as in a starched scrim. The 
geometry of such deformation is concerned with 
the extended lattice of the threads, considered as 
inextensible. 

If the constraints grip two parts of the same 
threads, they enforce straightening of these threads 
and a concurrent increase of crimp in the cross- 
threads. It is with this kind of deformation that 
we are concerned in the geometry of the ideal unit 
cell. This should be studied in moderately open 
fabrics of hard, even yarn, unstrained or in homo- 
geneous, orthogonal strain. 

With soft threads in close fabrics, deviations 
from the ideal cell geometry increase in importance, 
because of thread compression, with flattening and 
extension due to closer packing of the twisted 
thread. This depends on the geometry of yarn, 
which also covers the deviations from the ideal cell 
geometry caused by yarn irregularity. 

At high stresses, as crimp and density changes 








TEXTILE RESEARCH JOURNAL 


approach saturation, the extension of the fibers 
themselves becomes increasingly important. ‘his 
is best studied in a dense, even thread, such as tire 
cord. 

It is possible to make fabrics and choose condi- 
tions by which these geometries can be physically 
separated to a large extent, and it is only possible 
to deal effectively with them mathematically by 
making simplifying assumptions to isolate the sepa- 
rate effects, progressing from (a) through (d). 


Lattice Geometry and Design of Equipment 


The simple ideal for the study of the form of the 
extended lattice of threads in a cloth, which is 
closely realized by a starched scrim, may be stated 
by the following simplifying assumptions: ‘lwo 
sets of inextensible, incompressible flexible threads, 
initially orthogonal, spaced widely enough to allow 
shear of the weave angle, and maintaining contact 
at the crossing points without slip.’”’ The geometry 
of lattices in which extensions in the direction of 
threads are not imposed should be developed first, 
but effects of extension by crimp redistribution 
should be added to make the subject more inclusive. 

The lines of warp and weft, projected on the 
enveloping surface of the cloth, form a natural 
system of generalized coordinates for the specifica- 
tion of that surface and of the state of strain of the 
cloth. An attempt to formulate the differential 
geometry of such thread coordinates has been made 
by J. R. Womersley [3]. Although a competent 
introduction to the subject, this has not led to 
applicable results because the set of simplifying 
assumptions limited the field too much. It was 
assumed that the cloth is incapable of supporting 
shear and hence the only forces to be considered 
are the tensions in the threads themselves, that 
there should be no “fraying” or slippage at the 
crossing points, and that changes of shape are slow. 
Further study has shown that it is sound not to 
admit ‘fraying,’ which is a form of rupture and 
not a normal strain, but one must then allow sudden 
changes of shape, or discontinuities of thread direc- 
tion at crossing points. A differential geometry on 
such assumptions is yet to be developed. 

The practical engineering problem is to analyze 
the strains that occur in use, of complicated struc- 
tures under complex conditions, into elements, each 
of which is subjected to conditions which are simple 
enough, locally and temporally, to be reproduced in 
laboratory tests. The behavior in use may be pre- 
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dicted only in so far as it can be calculated from 
the behavior of such elements, represented by small 
specimens subjected to appropriate tests. 

This demands the elaboration of methods of 
analyzing the stresses and strains in complex struc- 
tures, and of testing methods in which the speci- 
mens are subjected to very simple conditions of 
boundary constraints and of time. Incidentally, 
the strain in a test specimen should be homo- 
geneous, not varying over the parts of the specimen, 
as in cloth strip and grab tests, for it is not gen- 
erally possible to analyze the strains of a structure 
into elements to match specimens with a complex 
pattern of strain. 

The system of physical tests and mathematical 
formulas by which the behavior of structures and 
specimens is correlated has naturally been de- 
veloped first for the simplest materials and struc- 
tures. The theory of elasticity deals first with 
a homogeneous isotropic elastic solid, slightly 
strained. The formulas used by structural engi- 
neers go little beyond this simple idealization, save 
by empirical corrections and generous margins of 
safety, yet they are applied very effectively to a 
wide range of important structures, such as steel 
bridges and concrete buildings. 

The classical theory has given rise to an impres- 
sive tensor analysis to widen its application to 
varied forms and materials but it does not come 
within sight of the simplest dress. A woven cloth 
is so far from the simple ideals that purposeful 
design and prediction of behavior are not possible 
to the engineer, save from almost purely empirical 
traditions, of tailors, sailmakers, and the like. 
These are based on such long and wide experience 
that the practices of the textile crafts are not to be 
scorned, but they give a poor basis for progress 
into new fields, with unfamiliar materials, nor do 
they suffice for the modern methods of production. 
For such progress, the engineer shuns textiles and 
seeks all-metal or molded constructions in his 
research. 

Fibrous textiles offer valuable possibilities in 
appropriate fields of engineering, with respect to 
their strength-to-weight ratio, the control of direc- 
tional properties and of permeability by weave, of 
hardness and rigidity by plastic coatings, and for 
that flexible adaptability to complicated forms and 
large movements which is essential for clothing 
and is of potential advantage in other kinds of 
equipment. To widen the field of textiles and fully 
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exploit the potentialities of new materials, the slow 
development of traditional craft is not sufficient. 
A theoretical basis for the design of fabrics and 
equipment in terms of material constants must be 
provided. 

If textile fabric is too inhomogeneous for the, 
classical analysis, its thready structure may be used 
to simplify the problem by breaking it down accord- 
ing to the orders of increasingly fine structure. If 
a complete description of its form and strain is 
impossible to mathematics, the analysis of the strain 
of a lattice of members of invariable length, by 
mere changes of angle, is peculiarly simple. It 
does not give a full description of the form of the 
cloth but it isolates those features that are of the 
most practical import in the design and use of 
garments and equipment, and in the use of tests 
to analyze and predict behavior. 

In the first place, this lattice theory gives a 
reasonably good description of the actual behavior 
of cloth in which the threads are not constrained 
to extend by the imposed boundary constraints— 
cloth will then normally adapt itself by angle shear, 
with thread flexure but without change of yarn 
length or of crimp. On these assumptions, a lattice 
theory has been developed which will give the 


pattern of strain corresponding to any set of bound- 


ary conditions.* This pattern is a property of the 
conditions, not of the cloth, a general solution of a 
mathematical problem which does not show pre- 
cisely what any particular cloth will do, but does 
represent an underlying pattern from which par- 
ticular cloths deviate for special reasons, more or 
less. 

Even if the threads extend, there are still two 
directions in the cloth in which lengths remain 
invariant on the imposition of a homogeneous 
strain. The lattice theory and analysis can be 
applied to these directions, even when they do not 
coincide with the threads. 

Constraints (grips) may be fastened to the cloth 
along these directions to form a framework which 
will strain the cloth homogeneously, conforming 
with the cloth strains in two dimensions. This 
has been applied to testing in the Shirley Institute 
and it might be used in processing. It is covered 


*For this simple deformation mechanism, the ‘Poisson 
Function,” relating the normal contraction to the extension is: 
y = \y2 — x’, where y is the length in the direction normal to 
that of maximum extension, in which the length is x, both 
referring to unit length of unstrained orthogonal cloth. 
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by a provisional patent which gives these ideas more 
fully; a thorough paper on the subject may be ex- 
pected at a later date. 

One of the most general and important problems 
in cloth engineering is the development of double 
curvature from a plane—fitting a cloth to the 
shoulders, for instance. Here the simple assump- 
tions given above for the thread lattice are of even 
more physical significance than in boundary con- 
ditions imposed by grips. It is both difficult and 
unsound to force a plane cloth into conformity 
with spherical surfaces by stretching the threads. 
In making up a textile article, such as a ball, hat 
crown, or shoe, one must rely on the less-resistant 
mechanisms, angle shear and thread bending. The 
best pattern is that which demands as little of these 





as possible. 

A starched scrim deforms by these mechanisms 
almost entirely and may be used as a model to 
solve the geometrical problem of the development 
of complicated forms, and to find methods of cutting 
patterns demanding minimum shear of the cloth. 
Such a solution remains valid for other cloths, 
even close cloths incapable of much angle shear. 
These will ruck or pucker most where the scrim 
shows most angle shear. As the shear is easier to 
observe and analyze experimentally, the scrim 
makes a better specimen, even for studying pat- 
terns in close cloths. 

An analytical solution of even very simple prob- 
lems and forms is a difficult piece of mathematics 
and we found model experiments with scrim more 
practical for the quick results needed for war pur- 
poses. They avoid insuperable mathematical diffi- 
culties of the analysis of surfaces of the complexity 
encountered in a textile article—a boot or a life- 





jacket. 

Articles are modeled by patterns cut from 
starched scrim, dampened, and spread over a 
dummy, so that by trial and error one may easily 
and rapidly devise the best pattern. The size and 
shape of cuttings, the orientation of warp and 
seams, are varied to minimize the deformation of 
the weave, as measured locally by the weave angle, 
and generally by the over-all decrease in area. The 
number of cuttings and the total length of seams 
should be kept to a minimum, and there are other 
practical considerations, such as minimum waste 
in goods of given width. (We are not likely to 
see the day when such problems can be solved 
analytically but useful practical results have been 
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attained by the ingenuity of a former collea: ve, 
C. E. Scholes.) 

The bias strains which are analyzed in the tr: ilis 
theory, either analytically or by scrim models, are 
particularly important in coated fabrics. In scry- 
ice, a fabric deforms mainly by change of we ive 
angle rather than by stretching of threads. When 
a continuous film is fixed to the woven fabric, as in 
macintosh material, the strains that tend to crack 
or loosen the film are caused by angle shear rather 
than by thread stretching. <A bias test in angle 
grips which follow the line of the threads has been 
devised in which large strains can be imposed which 
remain homogeneous, without the “waisting”’ which 
vitiates the strip test. Repeated ballistic tests of 
this type were used to good effect in the study of 
wartime substitutes for rubber and other synthetic 
coatings. 

The bias test also gives a measure of the resist- 
ance to angular shear and to the limit of shear 
before the threads jamb in the unit cell of the 
weave, when the cloth buckles into ridges as the 
only means of further decreasing its area. The 
closer the cloth the earlier this sets in and it is a 
practical difficulty in the use of the close weaves 
necessary for high resistance to flow or water pene- 
tration. Indeed, all the above studies, although 
made on scrim to isolate the essential problem, are 
most important in their application to close cloths, 
in which the weave prevents the angle shear. The 
latter, as shown by scrim, remains a measure of 
the geometrical demands which produce more un- 
desirable effects in close weaves. 

The developments described in this section were 
achieved by a team engaged in war work at the 
Shirley Institute. They have not yet been pub- 
lished in full, but the writer wishes to acknowledge 
the contributions of Dr. Karl Weissenberg and R. 
Chadwick on the lattice theory of cloth strain, of 
C. E. Scholes on the application of this to pattern- 
making, and of J. Pollit on the ballistic testing on 
the bias of coated fabrics. 


Cell Geometry and Design of Fabrics 


Cloth construction is the heart of the problem of 
the design of textile articles. It must exploit to 
full advantage the developments of new and old 
materials, fibers, yarns, and fillers or finishes, pro- 
duced by breeders, chemists, and spinners. It 
must conform to the limitations of productive tech- 
niques, of cloth and garments, with special con- 
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sideration for the modern developments of mass- 
proluction engineering. It must meet the demands 
of functional purpose determined by field engineer- 
ing. 

To put all these demands on a geometrical basis, 
it is first necessary that the field engineering study 
should have stated its demands in defined physical 
terms capable of application to laboratory tests 
and that these tests should have determined the 
relationships between physical properties and cloth 
anatomy. Scientific design of fabric is the con- 
clusion and crown of these preliminary subjects; 
without them it is guesswork. The immediate 
source of information on which the designer works 
is provided by the statement in defined, measurable, 
physical terms of the functional demands. This is 
such a large subject that we must consider that it 
has been achieved and proceed to the problem of 
the designer in realizing these demands in prac- 
ticable constructions. 

The application of geometry to functional design 
may be regarded from three aspects: geometrical 
similarity, crimp redistribution, and close packing. 
The necessary mathematical development is given 
in G.C.S., and in the section on “Crimp Theory.” 

Geometrical similarity is illustrated very effec- 
tively by photographs printed with a magnification 
of VN;, where NV, is the warp count (in the cotton 
system), masking the print to 1 inch across the warp, 


r ; - 
and 8 = vN,/Ne2 inches across the weft (along- 


the warp). Then the number of warp threads 
shown in the print is equal to m/VN, = Ky, the 
warp cover factor, where 7; is the number of warp 
threads per inch in the cloth; and the number of 
weft threads is ”2/ VN>2 = Ko, the weft cover factor. 
The tangent of the angle between the visible fibers 
and the axis of the yarn is proportional to (about 
one-ninth) the twist factor t/VN, where ¢ is the 
turns per inch. Photographs of a heavy canvas 
and a fine shirting may therefore look almost 
identical, and they are then said to be geometrically 
similar, or of similar texture. 

They differ in scale, which is best expressed by 
the sum of the diameters of warp and weft yarns 
(D) and this is proportional, in yarns of similar 
form and density, to 2/¥N = 1/V¥Mi + 1/VN2. 
(D = 72/VN mils for round yarns of density 0.9.) 
In ¢-ometrically similar cloths, the weight varies 
e scale or as 1/VN. It is more convenient 
ractical in textiles to use weight as the meas- 

size or scale of yarns and cloths, converting 
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to lengths by assuming a conventional density. 
The main features of a cloth may be expressed as 
texture, weight, and quality, where quality repre- 
sents the yarn characteristics apart from count. 
Even these may be studied very effectively by 
geometrical analysis on a finer scale. 

Texture is described by expressing the construc- 
tion in terms independent of scale—cover factors, 
twist factors, crimps. Meanwhile, the engineering 
and physical studies, in the field and the laboratory, 
should have reduced the functional demands and 
the physical properties to functions which, on ideal 
physical theory, are independent of scale—elastic 
constants, viscosity, and form factors of resistance 
to flow. Relationships between physical properties 
and cloth construction are then more easily general- 
ized, the value of every experiment is magnified, 
and the minimum of experimental procedure is 
necessary when the analysis deals with texture and 
constants independent of scale. 

Once a suitable texture is established experi- 
mentally in one weight, it is often a simple matter 
to generalize it over the range of practicable scale 
to produce a whole series of fabrics to meet similar 
functional demands. Examples will be given else- 
where in which the experimental production and 
testing of a tank canvas of 28 ounces/yard gave 
the construction of a new range of watertight 
fabrics, including materials for a ditching suit in 
85-ounce weight and for a ladies’ cape in 44-ounce, 
which proved highly successful on first trial and 
are being produced virtually to the constructions 
specified before any such fabrics had ever been 
woven. 

Resistance to flow of all kinds is a class of func- 
tional demand of the very highest importance in 
textiles, which must be determined initially by 
some form of experiment, even though that may 
give conclusions which are readily generalized by 
geometry. They can be generalized still further, 
and the necessary experimental basis can be made 
simpler and more precise by further development of 
the use of models and topological equivalence. In 
the meantime, however, we have a pretty good idea 
of the texture necessary to meet functional demands 
of various degrees for purposes demanding that a 
cloth should be watertight, windproof, mosquito- 
proof, in plain and Oxford weaves. 

Flow resistance is primarily a function of warp 
cover factor, Ki, provided that the weave is firm 
enough to hold the close warp yarns firmly in 
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position. This is judged by the weave factor 
K = 2m/VN, where nz is the number of picks per 
inch and WN is the reduced count (see section on 
“Crimp Theory.” Strictly speaking, the factor 2 
should be multiplied by a factor varying from 1 to 
0.8660 as the texture goes from a warp covered to 
a square weave. More picks per inch can be put 
in the latter than in the former, to give the same 
weave density). By the use of this function, one 
may change the weft count with little or no effect 
on the permeability, firmness, and difficulty of 
weaving. This gives control of mechanical proper- 
ties, strength, extension, stiffness, weight, and in 
the two directions separately. This power of de- 
signing and weaving into a cloth desirable properties 
in two directions gives a great advantage to textile 
fabrics, with or without coatings or fillings, as 
engineering materials, which is capable of being 
more fully exploited. The control of these me- 
chanical features is given by the third feature of 
texture, the ratio of weft to warp size, expressed as 
B= VN 1/ N2. 

The mechanical properties of a fabric are largely 
determined by those of the constituent threads, 
with modifications due to the weave which are 
made more easily predictable by cloth geometry. 
The strength is that of the threads except that their 
cohesion is increased by the pressure of the cross- 
threads resisting added crimp, and sometimes 
diminished by a factor due to residual crimp in 
the tensioned threads. Prediction or control of 
strength may be dealt with more effectively when 
the causes of yarn strength are analyzed—a subject 
which we defer to a forthcoming paper. It is 
possible to weave into either direction the strength 
demanded by a given function, to quite a good 
approximation, by choice of count and quality of 
yarn. 

The extension of the cloth is determined by the 
crimp, thread extension, and fiber extension, in 
that order; and the breaking extension is roughly 
calculable from the sum of these components. 
When one has to decide what count of weft to put 
into a given warp, already chosen on the scores of 
permeability, weight, and strength required, the 
crimp is determined mainly by the number of picks 
per inch, secondarily by the count. Keeping the 
same ‘‘weave factor,’ a higher weft crimp and 
extension is given with many picks of fine count, 
but a greater weight and strength by few picks of 
The former maintains the flow re- 








coarse count. 
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sistance of a close warp rather better. For the 
same weight, a softer texture and easier tailoring 
are given by fewer, heavier picks. 

Sometimes the relative strength needed in the 
two directions may be given by the engineering 
research. Thus a high-pressure cylindrical con- 
tainer or conduit suffers twice the tension in the 
perimeter as in the generator, so that a fire-hose 
is made with a weft four times as coarse as the 
warp (6 = 2). In webbing and tire cord fabric 
virtually all the tension is taken by the warp and 
8 may be very small. If light weight and extensi- 
bility in both directions are desirable, as in a tent 
or cover, the weft should be as fine as considerations 
of strength, weaving costs, and yarn quality will 
allow—say, 8 = 1. These and other considera- 
tions determined by the engineering research are 
met, as far as texture is concerned, by the choice 
of B. 

The practical description of texture is thus 
given by the three quantities: warp cover factor 
K, = m/VN;, weave factor K = 2m/VN, and 
count balance 8 = V¥Ni/No, which govern _pri- 
marily permeability, production, and mechanical 
properties respectively. (A more fundamental 
and complete geometrical specification is given 
from ‘‘Crimp Theory” in terms of \ = /2/l;, 1; and 
d; in units of D, but the above is easier to apply.) 
When a successful texture is developed to meet an 
engineering demand, it may readily be generalized 
in weight and quality—that is, any texture may be 
reproduced in a series of weights and in any practi- 
cable quality of yarn. The effects on performance 
of scale and quality are not negligible but they may 
more easily be isolated, studied, and understood 
when the geometrical foundation of texture is 
clearly laid down. 

High resistance to flow is best attained by a close 
Oxford weave. The firmly held taped ends (espe- 
cially if they are very regular) cover the surface 
almost as well as if they were in a plain tabby 
weave, with cover factor K, = ,/ VNi, but when 
it comes to interweaving with the weft, they will 
pack in as well or better (especially if softly twisted), 
as if the two threads were one and the cover factor 
were Ky, = 4m,/VNi/2 = 0.707m,/VN.  Further- 
more, the lengths of warp and weft intercepted are 
more nearly equal, making the weave density less 
for the same number of picks and giving a better 
balance of crimps. 

The last feature leads to a construction for me- 
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chanical purposes, with a good balance of exten- 
sions and strength in the two directions, and a flat 
surface very resistant to abrasion. It is attained 
by using a lower value of K, (about 24) than that 
needed for high flow resistance, keeping A un- 
changed to retain a firm weave and using a moder- 
ate value of 6. A good distribution of stress due 
to normal pressures, such as is wanted when a 
cover is stretched over a cargo, is given by 8 = 1.2. 

Many canvases and ducks have a relatively 
coarser weft. The idea seems to be that they 
commonly break by tears across the weft, so that 
the weft strength should be increased. The coarse 
weft defeats this purpose, as it takes a low crimp, 
gives a low extension, and increases the weft 
stresses of service in greater proportion than it 
increases the breaking load. If greater strength is 
required, a better quality weft should be used. 

In still lower warp cover, the advantage generally 
seems to lie with the one-and-one plain weave, and 
the square cloth is a texture of wide utility, more 
or less close according to the engineering demands, 
of weight, strength, extension, opacity, filtering 
action, etc. These are all amenable to geometrical 
analysis but we must stop somewhere. 

A small range of textures will cover the major 
demands of a wide range of functions. In decreas- 
ing order of the need for flow resistance, a warp 
cover factor of 46 may be used in Oxford weave, 
for a pressure container (hose pipe); for water- 
holding tanks or immersion suits, 32 is a good figure; 
for rainproof garments, 30 is satisfactory, but better 
performance is attained by a more regular yarn; 
for water-shedding (tentage), 28 is ample, and a 
valuable construction for mechanical fabrics has 
K, = 24. In lower cover factors, the Oxford weave 
makes rather sleazy fabrics, which may have uses 
where high tear resistance is needed, but mechan- 
ical fabrics will generally revert to the plain one- 
and-one weave, of which the square weave has 
many uses, with warp cover factors from 16 for a 
close fabric, about 14 for maximum extensibility 
(crimp unhampered by jambing) to a minimum 
of about 8 for a coherent fabric. 

The second feature of texture, the weave factor, 
need vary little over the whole range of mechanical 
or functional fabric. The maximum for a weave 
density of 0.9 is about 28, when K (= 2n2/VJN) is 
about 32 (28/0.8660) and when the yarn inter- 
cepts are equal. Lower values may be used for 
ease of weave and making-up or for cheapness. 
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The relative yarn size, 8 = VNi/N, is the third 
feature of texture which may be varied to control 
the mechanical properties as discussed above, but 
its best value is commonly a little more than unity. 

The texture, expressed as Ki, K, and 8, represents 
a solution of the physical or engineering problem 
for a type of function, from the geometrical point 
of view. The other aspects of the full specification 
are the weight, or scale, which is an engineering 
problem, and the quality, primarily a production 
problem. These questions must be decided in 
order to determine finally the cloth particulars, in 
the detail needed by the production engineer, which 
is a subject for another paper. 


Flow Phenomena and Topological Equivalence 


It is unlikely that any one of us here will see in 
print an effective mathematical analysis of the 
flow of a fluid through the interstices between 
woven threads. We are not, however, thereby 
condemned to the mere collection of empirical 
facts relating to particular fabrics, fluids, and con- 
ditions which mere testing provides. 

In the nineteenth century, physicists tried to 
understand and to explain unfamiliar phenomena 
by analogies with familiar things. Mechanical 
models were made with weights, springs, and treacle 
to illustrate electromagnetic induction or elastic 
after-effects. 

Analogies can be dangerously misleading, when 
a superficial similarity covers essentially different 
phenomena. Models and analogies fell into dis- 
repute, but they have not been simply discarded: 
they have been replaced by the more critical, 
analytical concept of topological equivalence, which 
provides a valuable and safe method of investiga- 
tion into phenomena which are difficult to analyze 
or subject to experiment. 

If two systems provide measurable features 
which can be described by the same system of 
equations, differing only in the physical significance 
given to the symbols of quantity, they are said to 
be topologically equivalent. The solution of a 
problem in one system can be translated into a 
solution of the corresponding problem in the other 
system with confidence and validity, within the 
degree of accuracy given by the precision with 
which each system is described by the common set 
of equations. Although primarily and etymolog- 
ically the principle refers to patterns in space, it 
can be generalized to the space-time continuum or 
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to purely abstract symbolism. It does not depend 
on any superficial similarity, which may not be at 
all obvious, but on an essential identity of logical 
relationships. 

As a simple example, consider a sheet of water 
flowing over a plane surface and a sheet of glass 
sheared between two adherent plane surfaces, the 
former following the law of Newtonian viscosity, 
the latter Hooke’s law of elasticity. In the water, 
the tangential stress J = n-dv/dx, where 7 is the 
viscosity, v the velocity at a distance x above the 
bottom of the water. In the glass, T = q-dy/dx, 
where g is the shear modulus and y is the displace- 
ment at a distance x above the bottom plane. 
The pattern of flow velocity in the water is then 
the same as that of the strain in the glass and the 
tangential stress on the water can be calculated by 
measuring the tangential force on the glass, if the 
material constants 7 and g are known. Now one 


can take a complicated conduit, mold it in glass, 
measure the strain pattern photo-elastically, and 
solve the hydrodynamic problem of the stream- 
line flow of water, provided the other essential 
mathematical relation is maintained as in water— 
namely, the equation of continuity: the total flow 


must be the same at inlet and outlet, as must be 
the total displacement. 

The practical use of the principle is twofold— 
experimental and analytical. One equivalent may 
be amenable to easy and accurate measurement, 
with available instruments and familiar techniques. 
That is why electrical analogies are widely used, 
turning the tables on Maxwell, who explained elec- 
tricity by mechanisms. One can easily establish a 
circuit with electromotive forces, resistances, and 
inductances to represent varied and complex phe- 
nomena with the same mathematical relations be- 
tween analogous quantities, measure currents and 
frequencies, and translate them into a solution of 
the topological equivalent. The diffusion of water 
vapor from an orifice, through a space and a laminar 
barrier (cloth), to another orifice or surface may 
be represented by a topologically equivalent system 
of electrical conduction between two electrodes in 
an electrolytic solution, separated by a porous 
insulator. 

The analytical use applies when the mathe- 
matical analysis of one system has been thoroughly 
developed and the other unstudied system can be 
expressed by the same fundamental equations. 
The conduction of heat has been analyzed by 
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generations of the best mathematical physi: ists 
but the analysis does not really refer specifical!. to 
heat. It deals with a quantity that remains — on- 
stant in total amount and develops a_ pressure 
(temperature) that is equal to the product of the 
local concentration and a material constant (specific 
heat) which produces a flow equal to the pro:luct 
of another material constant (conductivity) and 
the space rate of fall of pressure along the line of 
flow. Other quantities having the same relation- 
ships can be substituted for those in parentheses 
and the analysis will apply. Vapor diffusion is 
really not so simple, but a useful first approxima- 
tion may be made over a limited field by assuming 
it to be so, and valid conclusions can then be drawn, 
particularly in relation to geometrical effects. 

The complications arise when there are wide 
differences of temperature or humidity, from the 
association between vapor pressure and tempera- 
ture, the heat of absorption, and the sigmoid ab- 
sorption isotherms. These complications must be 
superimposed, usually with very imperfect mathe- 
matical rigor, on the topology of the heat pattern. 
P. S. H. Henry has dealt effectively with this in 
his ‘Diffusion in Absorbing Media” [4 ]. 

It is well here to interpolate a warning about the 
use of heat theory for vapor diffusion when there 
is an associated temperature gradient. Numerous 
papers and books, until very recently, have as- 
sumed that the rate of diffusion is proportional 
either to the vapor pressure difference or to the 
vapor concentration. Neither is correct. The 
vapor pressure (p) is proportional to the product 
of the concentration (C) and the mean _ square 
velocity of the molecules. The rate of diffusion 
one way across a surface is proportional to the 
product of the concentration and the mean velocity. 
Thus, the driving pressure of diffusion analogous 
to temperature in heat conduction is nearly propor- 
tional to the function p/V0, where @ is the absolute 
temperature, or to Cv0@. 

“Geometrical similarity,’’ etymologically almost 
a synonym of “topological equivalence,” is a special 
case thereof, limited strictly to the three dimen- 
sions of space. It has already been sufficiently 
illustrated, as it refers to the generalization of 
studies of cloth. 

Most of our work was done on the watertight 
construction with heavy weights, as production 
and observation are easier with these than with the 
very fine cloth. Carry this further and one finds 
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use for really large-scale models of cloth. Even as 
an aid to the imagination they are useful but they 
car) be used more systematically as calculating 
machines to solve problems of the barrier resistance 
of cloth. This method has been powerfully de- 
veloped by civil and aeronautical engineers, to 
study river and tide patterns or airfoils, although 
here the scale is diminished. For cloth it must be 
magnified. It is not sufficient merely to change the 
scale, however; the material constants of the fluid 
must also be changed to maintain topological 
equivalence, by a suitable choice or mixture. 

This is determined by the method of dimensions, 
which could be considered the extreme of general- 
ization of the principle of topological equivalence. 
In its usual, simple form it is applied when it can 
be reasonably assumed that a function Y can be 
expressed in the form: 


Y = RX1°X2°X3°, (1 ) 


where X1, X2, and X3 are the only quantities which 
can affect the value of Y, and k is a dimensionless 
constant. The separate identity of the exponents 
of /, L, and T gives three equations to determine 
the three unknowns a, ), and c. 

Consider the resistance to streamline fluid flow 
of the interstice in the unit cell of a fabric. It is 
of too weird a form to permit a hydrodynamic 
analysis but at least we can reasonably assume 
that the flow in cc. per second (¢:) depends on the 
physical factor p/n, where p is the pressure dif- 
ference and » the viscosity; and on the geometrical 
factors, where d is the thickness of the fabric and 
5 is a measure of the area of cross section, or 


gr = ki(p/n)*d?s°. (2) 


The dimensions of ¢; are L?7—; of p/n, T—; of d, L’; 
of s, L?; therefore the identity of the dimensions 
on the two sides of the equation yields 


for M, 0 = 0; 
for L, 3=2b+ 6; 
for T, —1= —-a@; 


din/p = ki(s*-d’). (3) 


' we make the reasonable assumption that the 

is proportional to the pressure drop per unit 
«ness for any shape of cross section, we obtain 
‘ormula for the interstitial resistance: 


so that 


~ nee 4 
R = = k-d/s (4) 
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where only a dimensionless constant of form k has 
to be determined empirically. 

One may arrive at the form of an equation also 
from an extension of the theory of models. Models 
are generally made more uniform, regular, and 
simple than any of the variable forms found in 
real problems, to obtain general essential relations. 
One may sometimes carry this to extremes without 
affecting the essential form of the mathematical 
relations but only affecting constants of shape 
which can be determined empirically. 

Consider the flow resistance of a plug of fibers, 
packed homogeneously except for random varia- 
tions of fine structure. Here we may confidently 
assume that the resistance is proportional to the 
length and inversely proportional to the cross 
section, so that we may best consider the resistivity 
of the mass. 


(5) 


where p is the pressure difference per unit thickness 
and ¢ is the flow in cc. per second per sq. cm. or 
the velocity of flow in cm. per second. 

The complex channels between the packed fibers 
are beyond hydrodynamic analysis, but an equa- 
tion is needed which will apply to any shape of 
channel, except for a factor depending on this shape. 
Let us therefore consider channels of right circular 
section. If there be ” such holes per sq. cm. each 
of radius r cm., the flow ¢ per sq. cm., with a 
pressure drop of p per unit length, is [5] 


sis . a (6) 


g 
This is not of great help in calculating the flow 
between a mass of fibers, since meaning can hardly 
be given to” orrinsuchamass. Let us now trans- 
form the relationship into terms that can be given 
meaning in a mass of fibers: 
The total surface of the channels per cc. = 2zrn. 
The total volume of the holes = arn = f, the 
porosity of the material, or the free air space 
per unit volume. The volume of solid material 
per cc. = 1— arn. Then the over-all density 
p’ = (1 — ar’n)p = (1 — f)p, where p is the den- 
sity of the fibrous material, so that 


f = wnr="(1 —'p'/p). (7) 


The surface of channels per gram, or the specific 
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surface of the mass, is 
S = 2xrn/p’. (8) 
We may then express the flow resistivity as: 


R = p/ng = 8/nar! = S*p”-2x/(1 — p’/p)? 


= 22S*v' /v,3, 


where v, is the air volume per gram, and v’ is the 
over-all specific volume, 


v (i - fy _ 
v.23 f3 ' 

S and v, and v’ have definite meanings in a mass 
of packed fibers and R can be measured as well on 
a fiber plug as on one perforated by cylindrical 
holes. One cannot expect the numerical constant 
to be 27 but one can replace it with a shape factor 
(e) to be determined empirically, using the formula 
to compare specific surface or fineness of fibers, 








— 
One might make a very profound analysis and get 
no further as far as practical application goes. 
After analysis has done its best, the value of € is 
best determined empirically. 

This might be called the method of extreme 
simplification. There is no pretense that the form 
assumed is geometrically similar to the form to be 
studied; it is only the extremely simple member of 
a variable category including those forms to be 
studied. This combination of simple analysis and 
empirical calibration is one of the fertile short cuts 
in studying complex variable materials such as 


R = ¢S*v'/v,* or ee iF (10) 


woven fabrics. 

In a sense, the application of mathematics to 
experimental physics is generally based on the 
principle of topological equivalence. We know 
reality only under the guise of the pictures that we 
build from our perceptions: in experimental study 
we replace these with a set of measurements, and 
in mathematical physics we translate these into a 
system of ideal axioms, forms, and formulas. 
That these should bear any pictorial resemblance 
to the images of our sensory perceptions is quite 
unessential, and the attempt to make them do so 
is being dropped by theoretical physicists. ‘‘Sym- 
bolism” is perhaps a better term for this wider 
application of the device of transforming experience 
into simple general terms on which the mind can 


operate more easily. The symbolic solution of a 
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problem is not in itself an effective description of 
experience, which is attained by applying the coin- 
plementary method of statistics to observations, 
organized on the pattern provided by symbolism. 


Fine Structure, Yarns and Fibers 

We have divided ‘Fabric Design’’ into three 
sections, ‘“Texture,” “‘Weight,” and ‘Quality,’ of 
which the first is particularly the field of cloth 
geometry. For that study, we assumed the threads 
to be uniform cylinders, allowing them to flatten 
and extend in a second approximation. This would 
still give an insufficient representation of reality if 
the question were left there. Such simplification 
allows a satisfactory analysis of the effects of the 
weave, which are superimposed on the properties 
of the yarns. These yarn characteristics have 
more effect on cloth behavior than has the weave, 
and we must now consider them in closer detail. 
Although they are summed up under the term 
“quality” and still demand a fund of practical 
qualitative knowledge of materials, the utility of 
geometrical analysis by no means ceases at the 
woven structure. 

Yarn Irregularity. The first geometrical feature 
of the constituent threads of a fabric to consider is 
irregularity, of weight or diameter. This has a 
considerable effect on the mechanical properties 
and serviceability, which has been discussed in 
other papers. ‘“The Weakest Link’’ [12] deals 
especially with the geometrical theory. 

The first paper on textiles by the writer was con- 
cerned with the distribution of twist in irregular 
yarns [6] and his latest paper, unpublished [15], 
deals with the effects of drafting irregularity on 
strength and on the separate effects of fiber cohesion 
and strength on yarn strength, in and out of fabric. 
The separation of these factors permits a better 
understanding of the relationship of yarn and cloth 
strength, which tontributes an important item to 
the theoretical resources of the designer of func- 
tional fabrics. 

Much more striking, however, than its effect on 
strength is the effect of yarn irregularity on flow 
phenomena, permeability and penetrability. If 
yarns of density 0.9 are set with a cover factor of 
28 they give full cover—if they are uniform and 
regular. In fact, places twice as thick as the aver- 
age may cram each other, and elements half as thick 
as the average may leave gaping holes, through 
which water will pour freely. 
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The interweaving of the weft makes no essential 
difference, for it is not, in fact, ‘‘filling.”” The same 
overcrowding and gaping will occur at random 
between the picks. Constructions for close cotton 
cloths, which showed high performance with regular 
yarns, were quite inadequate when reproduced with 
poorer-quality yarns. This fact has not been suffi- 
ciently realized. Its importance may be empha- 
sized by a simple calculation of the effect on mos- 
quito resistance, as this was a live issue in the war 
research and is easily amenable to analysis. 

A mosquito attempting to bite will try to enter 
between threads, at the evident interstices, and 
will succeed if there happens to be an open hole 
there. Let the number of successes be m in a 
group of m attempts, and let m = nP, where P is 
the proportion of successes measured in a trial 
with mosquitoes. P may also be regarded as the 
proportion of the population of the sum (s) of two 
yarn radii (7), taken at random, which is less than 
the yarn spacing p. 

If y has a normal population with mean 7, stand- 
ard deviation o,, then s is also normal, with mean 
$= 27 and o, = V2-c;. The section area of the 
yarn (7 + o/) = g/p, where g is the yarn size 
and p the density, in cm. gram units. (Circular 
threads are assumed, as flattening makes no essen- 
tial difference to this argument.) Therefore 


T= 


yy Spee eee See 2 a 
Vg/pm — of = 38 = Vr — or, 


(11) 


where ro = Vg/pr is the radius of an even yarn of 
size g (Grex G = 10®g; cotton count = 5906/G). 

The proportion of attempts in which s is less 
than p is equal to the area of the tail of the distribu- 
tion of unit population beyond the deviation 
(pb — 8) = r; hence 


P,=1-—3(1+ a), where x = (p — 8)/o,. (12) 


The value of 3(1 + a) is given in Pearson’s 
“Tables for Statisticians and Biometricians.” If 
we take P = 0.01 as the limit of proofness, = 2.33 
and (p, — &) = 2.330,, where p, is the critical spac- 
ing of a mosquito-proof cloth. Therefore 


Pe = 2Vre — of — 2.33y2-0, 
= r[2vi — 2 — 3.29467] 


(13) 


r * (7 + 7: ; j 
where J = o,/To = I/v1 +fP?,I[= o,/7, the irregu- 
larity of projected diameter as measured micro- 
scopically. Therefore 


Pe = ro(2 — 3.29461)/V1 + JL. (14) 
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With even yarn, the cloth is proofed when pp = 27, 
so that if m be the threads per cm. corresponding 
to a spacing p(n = 1/p), then 


n,/my = V1 + I2/(1 — 1.64731). (15) 


One may thus compare the settings necessary 
for mosquito-proofness with yarns of different 
regularity, either by number of threads of the same 
count or by cover factors if the counts are varied. 
Since this is a geometrical relation not affected by 
scale, K./Ko = n./no, where K, is the critical cover 
factor with irregularity J, Ko for even yarn. 

Values of J = o,/* have been measured by pro- 
jection for a number of varns, from which the 
effects of irregularity may be calculated for actual 
yarns that might be chosen to make mosquito- 
proof garments. A mercerized Egyptian 3-ply, 
50/3, of the quality we favor for impermeable 
cloths, had a value of J = 9.4 percent. Ina Texas 
16s of the quality likely to be preferred com- 
mercially, the irregularity was 16.1 percent (from 
the equations K, = 1.174Ky for the former; 
K, = 1.378Ko for the latter). An Oxford with 
110 ends of 50/3 mercerized Egyptian is on the 
borderline of proofness, so that its value of K, is 
27. Then the value of Ko is 23, so that a perfectly 
even yarn would need only 94 ends and the value 
of K. for the Texas yarn would be 31.7, which 
means a difficult, tight, and uncomfortable cloth 
with 127 ends per inch. The Egyptian cloth is 
easy to weave, easy to make up, and of pleasant 
handle. 

This theory probably does not exaggerate the 
difference between a good Egyptian and an irregular 
Texas yarn, for thin places tend to follow thick 
places, which increase the separation of contiguous 
threads. To simplify the theory, we assume that 
the yarns are soft and that thick places can flatten 
against each other where they tend to overlap. 

Practical experience confirms the indications of 
the theory on the great importance of yarn regu- 
larity. A “stormproof’’ (L19) of 3-ply yarn was 
opaque and of very high water-resistance; a sub- 
stitute singles warp made a grinning fabric of poor 
performance. The theory can be extended to flow, 
assuming that the flow through each interstice is 
proportional to (p — s)*. 

To choose the quality of yarn for a particular 
function involving impermeability, an empirical 
relation may be used: that the value of J varies as 
the cube root of the counts, in yarns spun from a 
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given cotton, or 


Ivy = WN. (16) 


The value of J; is about 7 percent for Indian cottons 
of Oomras type, 6 percent for shorter Americans, 
to 5.5 percent or less for longer Americans and East 
Africans. Giza 7 showed relatively high irregu- 
larity (J; = 6 percent) but was decidedly improved 
when combed (J; = 4.6 percent). Values below 
4 percent are shown by combed 3-ply yarns. The 
irregularity of n-fold yarns seems to be about 1/vn 
that of the components, as one would expect of 
simple random probability, so that a higher regu- 
larity is attained by plying than by spinning coarse, 
with a given cotton. 

In a regular yarn, the basic geometrical feature 
is the orientation of the fibers relatively to the yarn 
axis—the degree of parallelization and the twist. 
These determine the resolution of fiber tensions 
into components parallel to the yarn, the summa- 
tion of which provides the yarn strength, and com- 
ponents normal to the yarn axis which produce 
untwisting torques and compressive forces which 
provide the frictional cohesion. If the fibers were 
perfectly parallel, or if each fiber remained through- 
out its length in a cylindrical zone co-axial with the 
yarn, the yarn would fall to pieces. Coherence is 
attained only because fibers appearing on the sur- 
face have their ends tucked inside. It simplifies 
things too much to calculate the strength of a 
structure on an assumption which allows no 
strength; therefore an effective geometry of yarn 
structure awaits the “‘theory of the random tangle,” 
which has not yet been developed. 

Despite this difficulty, in the integration of fiber 
tensions, the simple geometrical relations of the 
element of a helix suggest useful forms of analysis 
of yarn stresses and strains. The angle x between 
the yarn axis and the axis of a fiber on a cylindrical 
zone of diameter d is given (G.C.S., page T52) by 


tan x = xd/p, 


where is the pitch or length of yarn per turn. 

If T is the tension in the element, it contributes 
only JT cos x to the total tension in the yarn. If 
the element weighs W g. per cm., it contributes 
W/cosx to the weight of a centimeter of yarn. 
Hence, at rupture, the contribution of unit weight 
per centimeter of yarn composed of such elements 
to the yarn breaking load would be 7/W-cos? x, 
where 7/W is the specific strength of the fiber. 








The factor 


cos? x = 1/(1 + tan? x) 
1/(1 + 2°d?/p’) 


1/(1 + 0.01150d?/D2-k2), 


where v is the specific volume, D the diameter, and 
k the twist factor of the yarn in the cotton system, 

Without attempting to integrate the fiber ten- 
sions, this suggests that the factor in the specific 
strength of yarn which causes the gradual fall after 
maximum cohesion is attained might be given the 
form 1/(1 + ak). Ifvbe 1.1, the value of @ would 
be 0.0126d?/D?, where d would be an “effective” 
value of the diameter of the zone in which the 
rupturing fibers lie. 

Empirically, it is found that a factor of this 
form expresses the effect as well as the best data 
can define it, with a value of 0.014. (A paper is 
now in preparation on the “Spinning Value of 
Fibers.””) This is of the right order but greater 
than would be expected of the purely geometric 
effect in a regular yarn. 

The length of fiber per turn is given by: 


L = Vp? + rd = pvi1 + tan’ x. 


The fiber weight per centimeter obtained by 
dividing the yarn weight by the number of fibers 
exceeds the fiber weight per centimeter of straight 
fiber by a factor that may be expressed as ¥1 + ak’, 
introducing the empirical factor @ to provide a 
degree of freedom of fitting data in place of the 
factor which the incomplete geometrical analysis 
cannot determine. 

If a loosely constructed yarn is extended without 
stretching the fibers, 1 remains constant and the 
Poisson function (dd/d + dp/p) is given by 1/tan? x 
for an element, or a term proportional to 1/k for 
the whole yarn. 

Similarly, if the fibers of a dense yarn swell so 
as to increase the diameter, the concurrent decrease 
in length is proportional to the twist factor k. 

If a yarn, so dense that the diameter cannot 
change, is extended, then: 


Op/p + Ol/l = P/p? = 1 + tan’ x. 


As the strain at rupture of the hairs is not affected 
by the yarn twist, the breaking strain of the yarn 
may be expected to increase with twist in a mazner 
expressed by the term (1 + a'k?). 

Lacking in rigor as such analysis is, it provides 
formulas for the analysis of data which are more 
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accurate than mere linear regression formulas be- 
tween the quantities measured. The results are not 
so likely to be misunderstood as those of an invalid 
analysis claiming rigor would be. 

Fibers. Geometry remains the basis for the 
study of physical behavior of fibers even when we 
approach their finer structure. In the writer’s 
second paper on textiles [13], the effect of the geo- 
metrical shape on the torsional rigidity of cotton 
hairs is analyzed and its effect on flexural rigidity in 
later papers[10]. One can only treat cotton fibers 
as beams of homogeneous, isotropic material ‘“‘with 
one’s tongue in one’s cheek,” getting ‘‘effective’’ 
values for the elastic constants, such as would be 
shown by beams of similar size and shape of iso- 
tropic material, if it had such constants. The 
relationship between these “effective values’ in 
flexure and torsion then shows that the cohesion 
along the fiber is much greater than the radial 
cohesion and that moisture affects the latter more. 
The analysis of rigidity in terms of the geometrical 
form (radii of gyration of cross sections) is given 
by Clayton and Peirce [10 ]. 

It is rather difficult and inconvenient to observe 
the geometrical form of cotton fibers but the prac- 
tical measures gain in analytical power and gener- 
ality if they are translated into geometrical meas- 
ures. The three basic features are the length (ZL), 
the perimeter of cross section (P), and the degree 
of thickening (@), which is the ratio of the actual 
area of the wall section to the area of the circle 
with the same perimeter. It may be easier to 
make comparative tests on alternative measures 
but these should be converted to the basic trio if 
the data of independent workers are to be useful 
to all. 

A typical example is the measurement of fineness 
by fluid flow through plugs. This was used by 
Lawrence Balls [7], who made his plugs of parallel 
fibers. This form of the test is more convenient 
for work on slivers and yarns than that favored by 
later workers on raw cotton who use random pack- 
ing. It is also more nearly calculable as a measure 
of specific surface, as defined on pages 133 and 134. 

The geometrical significance of this test may 
best be seen by rewriting equation 10 in the form 


o = 1/S = C¢, 


where C is a constant when the flow ¢, under a 
standard air pressure, is measured on a plug of 
standard dimensions and weight. 


From equation (6a) of Peirce and Lord [8 ] 
o = H/P = 0.12160P = 0.349V6H. 


Thus, the flow is proportional to o, the weight per 
unit area of fiber surface, a quantity analogous to 
the ‘“‘substance’’ of paper and comparable to the 
wall thickness. 

If data on flow are correlated empirically with 
data on fiber weight per centimeter, on fineness, or 
on maturity, the statistical correlations will seem 
to show that it is a measure of the factor that varies 
most in the set of samples chosen. If the perimeter 
is constant, the flow will appear to measure the 
degree of thickening or fiber weight per centimeter, 
whichever is measured. If the degree of thicken- 
ing or “maturity” is constant, it will appear to 
measure the perimeter or intrinsic fineness, although 
it will still vary as the square root of the fiber 
weight per centimeter. It therefore does not dis- 
tinguish clearly between the effects of fineness and 
immaturity on fiber weight, which should be dis- 
tinguished very sharply. 

Absorption techniques have recently been worked 
out to provide a measure of the specific surface of 
powders. A qualitative test gives a visual effect 
when cotton is dyed in a mixed bath containing a 
penetrating dye and a surface dye. The shade of 
the former is relatively stronger, the thicker the 
wall. Variations of wall thickness are also made 
visible by the colors obtained with crossed Nicols. 
Such tests are useful if the results are reduced to 
geometrical measures but can be very misleading 
if they are not. 

Little is needed for a very penetrating analysis 
of cotton quality besides the three basic geometrical 
features: length, perimeter, and degree of thickening. 
However, the angle of the molecular spiral structure 
is another geometrical feature, on a still finer scale, 
which must be considered. This has been meas- 
ured with x-rays and shown to be highly correlated 
with the intrinsic fiber strength by Sisson [9]. In 
a paper by Meredith to be published in the Journal 
of the Textile Institute, the strength and extension 
are correlated with the spiral angle measured by 
refractive index. The strength and extension of 
rayon has also been shown to depend on the orienta- 
tion of the chain molecules. 

The essential physical and chemical differences 
that distinguish the different fibers and guide their 
choice for various functions depend fundamentally 
on the cohesion between molecular chains, particu- 
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larly on hydrogen bonds. These dominate be- 
havior in the absorption of moisture, dyeing, swell- 
ing, elastic properties. Steric effects are of great 
importance in the study of these phenomena and 
it was from quite a practical viewpoint that the 
writer attempted to define the stereo-chemical and 
crystalline form of cellulose molecules. Stereo- 
chemistry and x-ray crystallography are simply 
geometry on the molecular scale. The possibility 
of tailoring molecules, of applying to functional 
design the geometry of molecules used in the mak- 
ing of cloth is no longer a far-fetched notion but a 
reality. 

With the molecule we leave textile science, but 
not geometry. The table of chemical elements 
has been reduced to the geometry of electron groups 
and there is little left in physical science beyond 
patterns in space-time. (When there is nothing 
else left in physics, we must proceed to metaphysics, 
for we will never reduce life to Geometry nor ex- 
haust the infinite complexity of form that enshrines 
and expresses life.) 


Part III. 


The essential relations between thread lengths 
and spacings in cloth are developed in a form suited 
to the analysis of practical problems of cloth design. 
The treatment given here of the woven structure, 
and in Part IV of the knitted structure, will be 
used in later papers dealing with practical examples, 
which may appeal to readers who prefer to take the 
applicable formulas for granted, without mathe- 
matical discussion. 

Formulas are given for the woven structure, 
plain, matt,-and twill, which may be used in the 
study of density of weave and limits of setting, of 
shrinkage and stable dimensions, of crimp balance, 
cloth extension, and contraction in width, of warp 
lengths and cloth specifications. 


Crimp Theory 
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Basic Formulas 

The essential geometrical relations of a wo: en 
structure may be seen by idealizing the thre ids 
as flexible, inextensible, circular cylinders. To « al- 
culate the paths of the axes one needs to know oaly 
the sum of the diameters (D), which we will take 
as the unit length or scale of the structure, the 
length of the thread intercepts /; and /:, and one 
parameter to determine the crimp balance, say /, 
or 6. Figure 1 shows the path of the axis of the 
warp yarn between two picks, and the meaning of 
the symbols. 

As mere scale does not affect the geometrical 
relations, a cloth construction is characterized by 
two quantities, say /; (in units of D) and the ratio 
\ = /,/l,. For convenience take the larger value 
as /, and refer to it as the warp. The state of crimp 
balance is defined by one further parameter, 4, 
from which the pick spacing is given by the relation 


po = (lL, — &:) cos + sin (17) 
and the warp crimp by the equation of definition 
a=, ‘p2 — 1. (18) 
The warp spacing and weft crimp are then calcu- 
lable from the mutual relation between the thread 
axes: 


hy oh he = i: (19) 


where /; is the amplitude of the periodic rise and 
fall of the warp end, 


hy = (l; = 61) sin 0, + (1 — COS 6). (20) 


These relations may be applied by tables, or a 
mechanical device, or convenient approximate for- 
mulas given in G.C.S., or by the most convenient 
analytical approximation: 


hy = 1.36poVer. (21) 


For limiting structures, when the straight portion 
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A (left)—Section along warp. B (right)—Section along weft. 
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TABLE I 


Swollen construction, on D = 1 (Din cm. = 


1, cm/@) from known value of \ = /;//2. 


1, = @(A) is the solution of the equation: cos-/; + cos NJ; = 1. 


le = dO; pi = sin NO, po = sin-4. 


cy = 0/sin-0 — 1; co = dO/sin-dO — 1; (1 + ¢1)/(1 + 2) = 





» g=] pe pi 
1.0000 
0.9998 
0.9990 
0.9962 
0.9914 
0.9848 
0.9763 
0.9659 
0.9537 
0.9397 
0.9239 
0.9063 
0.8870 
0.8660 


1.5708 
1.5533 
1.5272 
1.4835 
1.4399 
1.3963 
1.3526 
1.3090 
1.2654 
1.2217 
1.1781 
1.1345 
1.0908 
1.0472 


0.0000 
0.1204 
0.1902 
0.2835 
0.3588 
0.4284 
0.4956 
0.5623 
0.6294 
0.6979 
0.7686 
0.8420 
0.9190 
1.0000 


0.0000 
0.1860 
0.2861 
0.4083 
0.4940 
0.5632 
0.6213 
0.6714 
0.7148 
0.7530 
0.7867 
0.8164 
0.8426 
0.8660 


sin-\O/X sin 6. 





1 ote C1 
im pi/p2 


.5708 0 

5445 0.1860 
.5070 0.2866 
4456 0.4099 
3886 0.4982 
3347 0.5718 
2839 0.6364 
2357 0.6951 
-1908 0.7495 
0.8014 
2 0.8515 
1.0699 0.9008 
1.0340 0.9502 
1.0000 1.0000 


1+ ¢2 


1.0000 
1.1006 
1.1014 
1.1030 
1.1046 
1.1062 
1.1079 
1.1096 
1.1114 
1.1132 
1.1151 
1.1170 
1.1189 
1.1209 


ell eell ee ee ee el 











To obtain the lengths in centimeters, multiply the above values by the scale unit, D = /,; cm./@, where /; is obtained by 


cloth measurements. 


The function is best evaluated graphically, but attempts to express it as an explicit approximate function resulted in the 


following: 


O(A) = w/(2 + d**) 


= r(3 — cos-An/2 + 0.03 sin-Am) 


or 


of the axial path vanishes, the precise formulas are 
more necessary and convenient. If the warp 
threads are jambed between the picks: 


64=h;p2=sink and hk = 1—cosh. 


h is given by hz = cosh 


= (l2 — 0) sin 6. + (1 — cos @). (22) 


If the weft is then straight: 


Ay = 0, A; te cot A; = ht, (23) 


l; = a/2, 
or, if both threads are jambed at the same time: 


cos A; oe cos Ay = 1, and 0; = li, 05 = lo, (24) 


cos 1; + cos , = 1. 


Equation (23) has practical interest with respect 
to the jambing of the cross-threads between the 
threads under tension in a tensile test, the pressure 
of which contributes to the cohesion. If the cross- 
threads jamb too soon, they maintain crimp in 
the strained threads, which detracts from the 
strength. It may also be used in studying the 
beating up of the picks in weaving. 

Equation (24) defines the limits of close weaving 
and has been discussed from that point of view in 
G.CS., page 79. More generally, this crammed 
conition may be realized when the threads are 

& 


= 1.645 — 0.6 for \ > 0.16 to within 0.01. 


swollen, as in water. The degree of swelling neces- 
sary to cram the weave provides a measure of the 
closeness or density of weave. The swollen struc- 
ture, which is calculable, gives a basis for the deter- 
mination of the normal crimp balance in a laun- 
dered or shrink-finished fabric. 


The Swollen Construction 
Suppose that the threads swell until they become 
jambed in both directions; then 


cos]; + cos Al; = 1, (25) 


giving 1; = 6(A), where @ is a known function of A, 


tabulated in Table I. There is thus one deter- 
minate value of J; for any cloth with a given value 
of \ = 1,/h. Further, from equation 22 we have 
pb, = sinl,, giving the pick spacing and hence the 
warp crimp, q@ =1,/p. —1. As l = A is also 
known, the end spacing and weft crimp are deter- 
minate. (See Table I for tabulation.) 

The swollen construction is realized frequently 
or approximately in practice when fairly close 
cloths are wet, particularly in a shrinkage test. 
The normal crimp balance or dimensions of a 
swollen or shrunken cloth are closely related to 
the swollen construction as determined by the 
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geometrical necessities discussed above. When 
threads shrink on drying, the swollen construction 
becomes open and loose, so that it is easily ex- 
tended. The “fully shrunk” state approximates 
closely the dimensions of the swollen state and 
standardized methods of testing shrinkage tend to 
maintain these dimensions by drying and pressing 
the cloth under conditions that inhibit stretch. A 
cloth so treated is really overshrunk and will extend 
very easily, even spontaneously. If the cloth is 
extended equally in the two directions, until the 
slack of the threads be taken up, as by a light 
hydrostatic pressure, the ratio pi/p2 remains con- 
stant, as does 
_ pi a. sin A 


1+a 4 
po dAsink 








1 + C2 - ls (26) 

The extension, or decrease of crimp, may be 
carried to the point where the threads interweave 
with effective diameters corresponding to a normal 
or conventional density, say 0.9. Such a construc- 
tion may be regarded as the normal state of a cloth 
with given values of J; and \. Using equations (21) 
and (26), “normal” crimps may be calculated for 
cloths with known values of pi and px». 

For any given value of \ = 1/l,, there is a 
definite value of J; in units of D= d; + d:, the 
sum of the yarn diameters. If J; is known in 
centimeters from cloth measurements, the value of 
D in centimeters [= 1; cm./0@(A)_] is known, which 
is necessary to produce the crammed, swollen struc- 
ture. A close cloth will jamb after little swelling 
or at a high yarn density (p, in grams of fiber per 
cubic centimeter). An open cloth will be crammed 
only after great swelling, to a low yarn density. 
This density necessary to cram the structure by 
swelling thus gives a measure of the closeness or 
density of weave. 

Assuming circular cylinders, the diameter of a 
yarn of size g (in g./cm.) is given by 


r/4-d’p = g (27) 
or 
d = V4g/np; 


whence 
D = |cm./0(d) = V4/apl Ven + Ve] = 4Vg/V a 


and 
p= 16, ‘ar “os 0/1? g./cm.', (28) 
where 


2vg = Ver + Ve. 
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We will call this quantity p, the weave density, 
and give it the symbol p,. 


Cover Factors and Weave Factor 

When yarn is coiled on a rod or laid in a warp, 
it covers a proportion of the surface depending on 
its spacing, p, and its diameter, d, which in turn 
depends on its size (count or Grex) and density p. 


d/p = V4/mp: Vg/p. (29) 


This ratio may be called the absolute or geometrical 
cover factor. In the cotton system, using the 
measures usually available, the corresponding quan- 
tity is the cover factor: 


z. = n/N, 


where 7 is the number of threads per inch and N 
the count. <A similar cover factor may be used in 
any practical system, for convenience, but for 
general comparison it is well to convert to the 
absolute or geometrical measure. Thus, for the 
cotton system: 


d/p = 0.03414/vp-Ke. (30) 


To express the density of winding or setting of 
threads without assuming a value of the density of 
the threads, one may use that density to which the 
yarn must swell in order to cover the surface com- 
pletely, making d/p = 1, when 


p = 4/r-g/p*. 


We will call this quantity the ‘‘set density” 
and give it the symbol p,. The cover factor in 


2 Vg 

the cotton system, K, = ————— : —, 
‘ 0.03414Vr ?P 

Vg/b = Km, may be called the cover factor in the 


metric system, or K, = 33.82Vg/p. 
K, = 33.82Vg/p, 


(31) 


where 


Vg/p = 0.02957K., (32) 
and 
ps = 1.1656K 2/1000, 
K,. = 29.29vps. (33) 


For convenience in rapid calculations and com- 
parisons in any practical system of measures, 4 
‘weave factor’ in the same units as the ‘‘cover 
factor’ may be used which is equal to that cover 
factor which yarns of the “weave density” would 
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have if laid in a fully covered setting. Thus, from 
equations (31) and (28), the equivalent cover factor 
in the metric system: 


le .—~. 
cone as = Ys 


Kn = 2 r* (34) 


or in the cotton system: 


mm 28 
Se" Ti Tea’ 


(35) 


where p2 is the spacing in centimeters; m2 the picks 
per inch; c; the warp crimp; and @ the function of 
\ = /,/l, given in Table I, all referring to the cloth 
as measured—not necessarily swollen or crammed. 

The factor, 6/(1 + a), is of the order of unity, 
especially for cloths of high warp cover, and it is 
convenient to use as a practical measure of tight- 
ness of weave the term 2n/ VN or m(1/VM, 
+ 1/VN>). 

In this discussion of crimp theory, the size of the 
yarns has entered only as the scale unit D, deter- 
mined by the density and the ‘‘reduced count’ NV. 
The relative size of the yarns does not enter into 
the geometrical necessities of interweaving, but 
cloths of the same axial pattern may differ greatly 
in physical characteristics on account of these 
relative sizes. They affect the weight, thickness, 
permeability, smoothness of surface, even when the 
crimp distribution is the same. The crimp dis- 
tribution will be affected by the varying rigidity of 
the threads and their thickness, in weaving, stretch- 
ing, and calendering. These physical effects will 
produce variations within the limits of geometrical 
necessity or thread compression. These limits are 
more definite and calculable than the variable 
physical effects, which may not be ignored but 
may be isolated and analyzed more easily against 
the background of the geometrical relations. Some 
of the physical effects are more fully treated in 
GS. 

In some cases, the geometrical analysis of swell- 
ing given above is affected by the relative yarn size. 
If the warp cover factor is greater than the weave 
factor, or its sett density is higher than the weave 
density, the swollen warp yarns will come into 
contact with each other before the woven structure 
becomes crammed. This will cause some distortion 
at the points where they touch, in the central plane 
of the cloth, but there is no simple way of allowing 
for this in the geometrical analysis. 


Flattened Threads 


In the form in which they are given for applica- 
tion, the relationships obtained by the assumption 
of circular thread sections are not very sensitive to 
deviations from that form. Equations relating to 
jambed structures need not be modified—deforma- 
tions of the thread merely increases its effective 
density. For calculations on the crimp, extensions, 
thickness, etc., of more open textures, one may 
substitute for d, the diameter of the round thread, 
b, the minor axis of the section, normal to the cloth 
plane, so that, from equations (19) and (27), we 
have: 


1.36[ pve + pvc] =h+bh 


= ¥4/r[ewgi/o1 + e2Vg2/p2, (36) 


where é; is a measure of the flattening of the warp; 
és, of the weft. It we may assume equal densities 
and flattening, then 


YpevVa = Aevg, (37) 


where A is a factor depending on the units and 
assumed density. It has already been shown 
(G.C.S., page 69) that the effect of flattening on the 
length of the yarn path is small. 

Sufficient examples have been given in G.C.S. of 
practical applications of the analysis to the meas- 
urement and effects of thread flattening. 

Yarn rigidity may also cause deviations in the 
form of the thread paths from those assumed in 
the ideal geometry, but it would appear, from the 
analysis given in G.C.S., pages 73-75, that this 
effect may be ignored. 


Matts and Twills 


When two softly twisted ends run as one in a 
plain weave, they may be regarded as one flattened 
thread, especially for close textures. This applies 
particularly to watertight cotton canvas or close 
Oxfords. 

If two or more hard threads run as one in a fairly 
open structure, the ideal geometry of the matt 
weave will give a close representation of reality. 
In general, for open matt weaves it is necessary to 
measure separately p’ and p”’, the spacing at inter- 
sections and in the tapes, respectively. 

In fairly open twills, where it may be assumed 
that the projection of a thread on the cloth plane 
is a straight line, the formulas of the plain weave 
are directly applicable except that / in equation (18) 
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et al. must be replaced by 1’, the length intercepted 
between cross-threads at an intersection, so that 


l’ = po(1 + foci), (38) 


where f2 is the number of picks per float of each 
warp end. Equation (37) holds when foc; is used 
in place of c,, and the weave density may be calcu- 
lated from equation (28), using /;’ and /,’ in place 
of 1, and J». 

If, however, the threads in a twill have a sinuous 
projection on the cloth plane, closing together 
when they are not separated by an interweaving 
thread, the local structure is like that of a matt. 
In general, real twills will deviate more or less from 
the matt-like form towards the plain-like form. 

For the analysis of swollen matts and matt-like 
twills, and the calculation of weave density, we 
may reasonably assume that the taped threads, or 
the parallel threads in a float, are touching at a 
distance of separation d, determined by the yarn 
size and density. Such a weave pattern may be 
assumed in order to get a comparable measure of 
weave density and for the study of maximum 
settings of fabrics in general. 

Using primed quantities for the spaces between 
tapes, doubly primed for those within tapes, and 
plain for over-all measures, we then have, in the 
crammed swollen texture: 


= p(ita); LY” = d, = V4/4-Vgi/p; 
L,’ = fol = (fe — 1)1,”’, 


where fe is the number of threads taped together 
in the weft. (AIl the formulas may be converted 
between warp and weft by interchanging the sub- 
scripts 1 and 2.) 

The condition of cramming, or jambing, both 
threads is: 


(39) 


cos 6,’ + cos 6’ = 1 
or 
cos 6; + cos y6,' = 1, 
where 
0! = l'/D = Vr/4-Vp/gl fol: — (fo — 1) V4/4-V g1/p 
= o(y) = Vp-fali/Vg- V0 /4 pe 
— (fe — 1)Vgi/g-4, (40) 


where 


yn — SileNvp — (fi — 1) V goV4/e 
eu iit «ae Md ll 
foliNp — (fe — 1)Vgi-V4/e 


(41) 


Equating these two expressions for p, equations 
(40) and (41), 
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Vow: Vr /2 = Lely): Vg + (fe — 1) Vg21/folr 
= Uf - 1)Vvg. — v(fe — 1) 
V0 1/ (file — vfoli). (42) 


This reduces to 


o(y) Dfi/fe — J 
='[(fi — 1) — B-A- (fe — 1)-fi/foJ-/(1 + B). (43) 


This is an equation in one unknown y, which can 
be evaluated graphically for any set of known 
values fi, fe, gi, and go against X = /,/l. Substitu- 
tion in equation (28) then gives the value of the 
weave density pw. As twills must approximate 
the matt-like form when swollen to the crammed 
texture, and a plain weave is a matt with fi) = f, 
= 1, this is a general relationship by which all 
weaves are covered. 

After determining the values of g(y) = 6:' and 
pw, the swollen construction of a matt fabric may 
be determined by calculations made in the follow- 
ing order: 

= 4/\r-Vg/p-¢ (= DA), 
I,’+ sin ¢/¢, 
2/Var-Vg2/p, 
= po! /fo + po!’ (fe — 1)/fe, 
= 1,/p. — 1. (44) 


l, and /, are assumed to remain in the original state 
as measured (or changed by a factor otherwise 
determined and independent of the fabric texture). 

These relationships all reduce to those given for 
the plain weave, when f; = fe = 1. A matt weave 
of special importance is the simplest, in which the 
warp ends are taped in pairs (canvas or Oxford 
Then f; = 2, fe = 1, and 


o(y)*(24 — y) = 1/(1 + B) 


weave). 


and 


Vpw = 4/Va-V g/l: ¢(y). (45) 


A number of canvases have been made in which 
the ratio N,/N2 is (about) 4/3, so that 


e(y)-(2A — y) = 0.464, 


and one curve (Figure 2) suffices to determine the 
swollen structures of any such fabric (on the as- 
sumption of matt form). This curve is dceter- 
mined by giving y the values of \ shown in Table | 
and calculating for each value the corresponding 

y 0.232 


value of \ = = — ——. 
; 2 ¢(y) 


which are commonly used are 1 and 2, the curves 
for which are also given in Figure 2. 


Other values of ,/™2 
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Fic. 2. Crammed texture. 


In many matts, twills, and satins, 
the mean number of cross-threads per 
float is the same for warp and weft, 
fi = fz, and the simplified form may 
be used: 
j=l i+ 
Fra +e 





e(y) = (46) 


where B = V£0/£1, 
2 | oly)-2Ve — (f = 1)Ve2 
—— Th : 





Tensile Compression 


If the warp threads are pulled 
straight, as in a tensile test, the weft 
threads are put under more or less 
compression and they exert a pressure 
on the strained warp ends, which 
tends to increase the strength. The 
degree of compression may be ex- 
pressed by the density of the weft 
threads when their diameter is such 
as to jamb them between the warp 
threads. 

This condition is given from equa- 
tions (22) and (23) as 


6, = Q, A = ly = m/2, 


so that 
D = dq, + dz = 2/x-l. cm. 
= 4/vr-vg/p; 
whence 
p = 4r/gl.” = pi, (47) 
the density of tensile compression. 

Irrespective of the compression of the cross- 
threads, the warp threads will be compressed by 
their own tension. If they are assumed to be of 
density 0.9, d, = 2/vVa-vVg,/0.9 and the effective 
density, pz, of the weft is given by the equation 


(48) 


V g0/ pa = 1, / Vr —_ V2;/0.9. 


If the value of this quantity, or of p: in equation 
(34), exceeds 0.9, physical reality may be better 
expressed by supposing that the crimp redistribu- 
tion eases at this point, p: = 0.9, and that the 


e 


0,4 0.6 
A = Lh 


tension in the still-crimped warp threads is resisted 
by tension in the picks, according to equation (40), 
G.C.S. The determining conditions are then given 


This may be used in studying the crimp remaining 
to rupture in tension, which decreases both the 
strength and extension of close cloths, and in the 
study of warp take-up in the loom. 

For the matt weave, using the same symbols as 
previously, we have: 


1,’ == D-xr/2 = file —_ (fi —_ 1)l,’’; 
1,” Vg1/p.-2/ Nes cm., 


ls pi(1 + ¢2), 


and 
D = Vp./g-4/Va = 2h! /x 
= 2/m[fipo(1 + c) — 2/Va-(fi — 1)Vg1/prJ; (49) 
















w= + 




















whence the density of compression in a warp tensile 
test (p:) is given by 


sae oe Ae 


x [(1 + B)x/2 + (fi — 1)/fr, 


where p,; is the sett density of the warp. 

For calculations in a technical system of units, 
the appropriate “‘cover factors’’ may be used in- 
stead of densities; for instance, KVN may be sub- 
stituted for Vzp/4g and inches for centimeters, for 
use in the cotton system. 

For twills, the actual form will be intermediate 
between the matt-like form, with sinuous thread 
projections, and the plain-like form, with straight 
projections. The former is covered by equation 
(37). For the plain-like form, which is more likely 
when the threads are under high tension, 





(50) 





Impe i av g/p1 
rier ee (51) 


Throughout this analysis, it is assumed that the 
lengths of intercepted yarn, /, etc., are known and 
remain constant in the imaginary or real swelling. 
To determine /; it is necessary to know not only 
the pick spacing, /2, but also the warp crimp, ¢1. 
The value of the latter is frequently not known, 
either because it has not been measured or because 
the particulars may be those of a specification or 
description, not of an actual piece of material. 

The tightness of weave, and hence any measure 
of it such as the weave density, is not determinate 


OIMENS/IONS 
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Fics. 3A and 3B. Geometry of kniiiing. 
A (left)—Planed structure. 


w- F 
R=F./72 





without crimp data. Two cloths 
might have the same number of 
threads of the same count, but if 
they have different crimps, they will 
not be equally tight. If, neverthe- 
less, some measure of py» or p: is 
wanted, it can only be done by 
assuming “normal” values of crimp, 
based on a rational or empirical 
convention. 


Part IV. Geometry of Knitting 


The structure of knitted fabric is reduced to a 
simple form in which the yarn axis follows a path 
composed of circular arcs and straight lines, on a 
cylindrical surface following the direction of a course. 
A formula is deduced for the length of stitch in 
terms of the number of wales and courses per inch, 
and the yarn size. This allows calculation of cloth 
weight and provides a method of measuring close- 
ness of knitting and of analyzing the changes of 
structure that occur in stretching and shrinking. 


Flat Plain Knitting 


It seems a reasonable approximation to the geo- 
metrical form to consider that the axis of the yarn 
in each course lies on the surface of a cylinder, of 
such curvature as to allow space at the crossing 
points, and that the form of the yarn axis on this 
cylinder may be represented by circular arcs, as it 
bends around the point of contact (0, Figure 3), 
joined by straight segments. 

The geometry of the loop on this cylinder may 
be studied by the following device. Along the 
course line through 0, the central axes of the yarns 
of two courses intersect one straight line in the 
central plane of the cloth. Take one course, which 
successively loops about centers on the lines through 
O; and Oz: as reference. Imagine the cylinders on 
which the two overlapping courses lie to be rotated 
about the lines through O, and Os, respectively, 
until they coincide with the cylinder of the reference 


course. (The imaginary yarns may occupy the 
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Fics. 4A and 4B. Geometry of knitting. 
A (left)—Real structure. 


same space, even if real ones may 
not.) Now flatten out this cylinder 
to a plane and consider the geom- 
etry of this planed loop structure. 

First, consider what we may call 
the ‘normal structure’ in which 
the yarn touches itself in each loop 
of a course and one course just 
touches the next, as in Figure 3. 
This is shown pictorially in Figure 
3A, and the geometrical construction 
is shown in Figure 3B. 

If d be the diameter of the yarn and p’ the course 
spacing (in the planed structure), 


p” = (4d)? — (2d)?, 


p’ = 2vV3-d = 3.4643d. 


(52) 


If w be the wale spacing, or width per wale (un- 
affected by the planing device), 


w= 4d. (53) 


If 1 be the length of yarn in one stitch, which is 
identical with the length of yarn included in one 
unit cell, of dimensions p’w, 


1/4 = 3d(x — 0) + 2dsin (6 — yp), (54) 
where @ and y are the angles shown in Figure 3B, 
from which it is evident that 


y = sin! 3 = 30° = 0.5236, 
6— ~ = cos! 1.5/2 = 41° 24.58’ = 0.7228, 
6 = 1.2464 = 71° 24.6’; (55) 
whence 
1/4d = 2.8428 + 1.3229 = 4.1657, 


1/d = 16.6628. (56) 


The wale width and all lengths parallel to the 
courses are unaffected by the planing device, but 
it is now necessary to convert the course spacing 
and all lengths in the wale direction as projections 
from the course cylinders onto the central plane of 
the cloth. 

Consider the projection of the axis of the loop 
on a plane normal to the cylinder. The span of 


the axis of a full loop on the cylinder is p’ + 3d 
= 6.4643d. 

In order to give space for interlocking, by the 
curvature of the loops, a point d/2-sin 6 from the 
center of the loop must be d higher than the point 
at a distance [d/2-sin @ — (p’/2 — 3/2d) ] from its 
end, at the point corresponding to X on Figure 3A. 
From the values already given for the length of the 
loop, of p’ and 8, this gives the condition that 


2.9904 , 0.4739 
R(1 — cos: R/d )-R(1 ~ coer | = d, 


where R is the radius of curvature, or 


cos: 4239 iat cos 2204 aie 
R/d R/d siti 
which is satisfied when R/d = 4.172. 

The angle subtended by the full loop axis 
= 6.4643/4.172 radians or 1.5496 = 88° 47’ and its 
projection is 2R sin 44° 23.5’ = 5.838d. 

The angle subtended by the course spacing O; Oz 
(p’ = 3.464d) is 0.8304 radians or 47° 35’ and its 
projection is.3.364d = p, the course spacing as it is 
observed in the plane of the cloth. The appearance 
of the cloth of this ‘‘normal structure’’ is shown 
in Figure 4A from above and Figure 4B from the 
side—that is, as projections on the plane of the 
cloth and on a normal plane parallel to the wales. 

We now have the desired relationship between 
the length of stitch, the wales and courses, and the 
yarn diameter for this particular structure. To 
generalize it, imagine the structure opened out by 
inserting a space, ed, along the wale line O; Os, by 
the insertion in the crown of the loop of a straight 


(57) 
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piece of yarn parallel to the course line. Similarly, 
imagine the insertion of a straight length, éd, in 
the center of each loop. Owing to the consequent 
increase in 6, the increase in course spacing is 


virtually equal to this added length of yarn. (With 
a varying error, under 5 percent.) 
Thus we obtain the relationships 
w/d = 4+ 2e, (58) 
p/d = 3.364 + é, (59) 
1/d = 16.663 + 2(e + &). (60) 
But from (58) and (59) 
2(e + &) = w/d + 2p/d — 10.728, 
l=2p+w-+ 5.94d. (61a) 


This is a very general relationship, valid for 
structures from the ‘‘normal” to a very open net 
of very fine yarn in which the loops follow the 
straight edges of the unit cells. Small negative 
values of £ are also possible, to make more closely 
knit structures than that which we call here, for con- 
venience, ‘‘normal.’’ The really close-knit struc- 
ture is represented by a value of £ about — 0.34. 

The application of equation (61a) depends on 
the data available. If one has a yarn of known 
count and wishes to know the length of stitch for 
a proposed construction of courses and wales, one 
may make an estimate of d from the count J, 
g./cm. g or the Grex G. The effective diameter of 
yarn in knitting is higher than that in a close 
weave, and the relation between d and G should 
be determined empirically from the equation (61b) 
applied to known fabrics. 


L=2p+w+6-v4/r-Vg/p 


(5.94 = 6 to about 1 percent, which is insignificant 
in relations between such measurements). 

If the threads at the nip of the loops are sepa- 
rated by a distance a little less than the diameter 
of the yarn, which is a common structure, the term 
5.94d may be substituted, from equation (58), by 
w, to allow at least a first approximation: 


1 = 2p + Qw. 


An estimate may be made by eye or microscope 
to the value of e, the space separating the yarns at 
the nip of the loop, as a ratio to the yarn diameter d. 
Then equation (61a) is used in the form 


Ste 


(61b) 


(61c) 


L=2p+uw- (61d) 





2+6 
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Thus, if the loops close, 
1 = 2p + 2-5w. 


The weight per unit area of the cloth’is obvicusly 


lg 

W saat wp ’ (62) 

where g is the weight per unit length of yarn, / the 

length in the area wp, all in the same units of weight 
and length. Then, from (61d) 


w=e(2+2), (63) 
where 1/w is the wales per unit length, 1/p the 
courses per unit length, and 7 is a factor depending 
on ¢e, with a value of about 2. 

As weights, counts, wales and courses, stitch 
lengths, and diameters have to be measured by 
convenient methods, which may not refer consist- 
ently to these quantities as they affect the knitted 
material in one and the same state, equation (63) 
may give better results if empirical factors are 
introduced into g and r. If applied to the basic 
form, equation (61b), the empirical relations will 
provide a measure of the effective specific volume 
of the yarn, which will vary with the construction 
of the fabric and yarn. A comparable measure 
may also be found from measures of thickness, 7. 
In the ideal structure, this is a little greater than 
2d but may be taken as equal under the slight 
compression usually used in measurement. 


Other Forms of Knitting 


In the rib knit, there are twice as many loops 
per unit cell, enclosed within one course length and 
the repeat of the structure, as seen from one side. 
If the change of form of the loops is ignored, then 


2 r 
W=2(2+2), (64 
where 7 will vary with construction in a manner 
best determined empirically. Provision for varia- 
tion in form of loop may be made by the use of an 
empirical factor in g. 

In complex weaves, an estimate of the length of 
the several types of stitch may be made by the 
use of equation (61b), assuming floats in courses to 
be straight. With mixed yarns, of size g, and &, 
6vVg/p should be replaced by 3(Vg:/p1 + V¢/m): 
The local value of w and p may be used to estimate 
the stitch length—for instance, where some ‘00ps 








M. 


spé 
col 
len. 
and 
| 
an\ 
pat 
diai 
san 
stra 
sun 
turi 


Tig 
7 
tigh 
use 
unti 
rigo! 
out, 
tigh 
the 
knit 
d= 


Pe 
the s 
lengt 
unit 


The . 
An 


geom 
norm 
in m¢ 
tion 
equal 
ing « 
mutu 
if stit 
be co 

Ac 
remai 
in On 
spacit 
Stret: 
the y 
curva 
wou'd 


Marcu, 1947 


spa two courses. Most forms, even the most 
complex, may be reduced to elements of straight 
leneths and loops nearly enough of the form 
analyzed for the plane knit. 

[;quation (61a) may be generalized to apply to 
any knitted structure as follows: Reduce the knitted 
patiern to a series of straight lines, by reducing the 
diameter of the yarn to zero and maintaining the 
same spacing of wales and courses, add these 
straight lengths, and to the sum add 0.75 times the 
sum of the yarn diameters for each right-angled 
turn about another thread. 


Tightness of Knitting 


The knit density may be used to express the 
tightness of knitting, in a way analogous to the 
use of weave density. Suppose the yarn swells 
until it produces the close-knit structure. The 
rigorous form of this structure has not been worked 
out, for it is given nearly enough by a slight 
tightening of the normal structure, estimated from 
the drawing (Figure 4). In round figures, the 
knitting becomes crammed when //d = 16 or, since 
d = V4g/mp, 

Pr = 326¢/I*. (65) 

Pending a more precise analysis of rib knitting, 
the same formula may be used if / is taken as the 
length of one loop, one-half the length of yarn per 
unit of one wale in one course. 


The Poisson Function 


Among the more important applications of cloth 


geometry is the calculation of the contraction 
normal to the direction of tensile extension, which 
in metals is given by the Poisson ratio. The equa- 
tion governing this contraction in woven fabrics is 
equation (37). In plain knitting, the correspond- 
ing equation: is equation (61a), which gives the 
mutual relationship of course and wale dimensions, 
if stitch length and yarn diameter are assumed to 
be constant, or otherwise known. 

According to this equation, the function (2p + w) 
remains constant if the knitted fabric is extended 
in one direction, so that the contraction in course 
spacing is half the extension when the cloth is 
stretched wale-wise. This result would follow if 
the yarn slid round the bends without changing 
curvature in bending, so that the readjustment 
wou'| be made by the values of ¢€ and é In 
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reality, other forms of readjustment are probable. 
Some strain may be taken by a rolling or false 
twist of the threads about their point of contact, 
without slippage. This would leave the relation- 
ship unchanged mathematically. The curvature 
probably becomes sharper, and the yarn axes may 
be forced closer, effects which would be expressed 
by a decrease in d, and of course the length will 
usually increase. The changes in d and / may be 
estimated by general rules independent of the 
knitted structure, so that equation (61a) remains 
the basic relationship for the analysis of strain. 
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1. Introduction 


A. Definition 


The title of this paper refers to the characteristic 
bias curl exhibited by all woven textiles under cer- 
tain conditions. This curl is of a very distinctive 
type. A square sample of a badly curling textile 
fabric will have alternate corners trying to turn up 
and down, the northeast and southwest corners 
turning one way and the northwest and southeast 
corners turning the other. With some fabrics, these 
corners curl only slightly. Others curl so vigor- 
ously that they roll up diagonally into a double 
scroll as shown in Figure 1. If the scroll is formed 
by the northeast and southwest corners rolling up 
so that the roll penetrates to the center of the square, 
as in Figure 1, then, if the scrolls are unrolled by 
hand, thus forcing the rolled corners back to their 
original position, the sample immediately and 
powerfully rolls up in the other direction. The 
northwest and southeast corners turn under, the 
final rolls being on the opposite face of the sample. 

Figure 2 shows a*common scene in the cutting 
room of a dress manufacturer. The cloth in this 
case is a standard organdy fabric which was finished 
by the Heberlein process. Organdies of this type 
are notorious from a curl standpoint. 


B. History 


The magnitude of the problem presented by this 
curl in woven fabrics is indicated by the number 
of suggestions for curing it which have been offered 
in technical literature and patents during the past 
century or so. One aspect of the difficulty noted 
was the dissimilarity of these solutions; some of 
the writers propose exposing the woven fabric to 
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common chemical and mechanical finishing treat- 
ments, such as mercerization, resin applications, 
sanforizing or preshrinking, extended boiling and 
bleaching, swing-framing, chase-calendering, etc. 
Other investigators have recommended changes in 
the normal degree of twist in the component yarns, 

The situation has been further complicated dur- 
ing the last two decades by a number of patents 
based on the theory that only certain portions of 
the yarns are responsible for the curl; usually the 
portion selected was the selvage. Patents by dif- 
ferent inventors have been issued covering the use 
of mercerized yarns, specially plied yarns, preshrunk 
yarns, and yarns impregnated with urea formal- 
dehyde in the selvage warps in order to overcome 
curl. 

Never, as far as we are aware, has any attempt 
been made to analyze the curl from which the in- 
dustry in general has been trying toescape. Never 
has a logical mechanism been derived; never have 
all of the forces responsible for the curl of a textile 
fabric been separated and weighed as to their com- 
parative importance. 

One patent in the literature, issued to Albert 
Schénholzer [1], discloses an effective method for 
eliminating curl. Mr. Schénholzer devotes his at- 
tention to organdy. He says that to make a non- 
curling organdy one should do any one of the 
following: 


1. Use alternate twist yarns in the warp. (This 
is incorrect, and could never result in a noncurling 
fabric. ) 

2. Use alternate twist yarns in the filling. 
is similarly incorrect.) 

3. Use alternate twist yarns in both warp and 
filling. 


(This 


The third proposal wil! provide a fabric that is free 
from curl. However, its price would be high; draw- 
ing in such a warp would be a very long and tedious 
job, and an ordinary loom is incapable of throwing 
such a filling. To do that it would be necessary to 
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Fic. 1. Curling fabric, with corners rolled into 


a double scroll. 


go to a box loom, which is more expensive and 
which weaves much more slowly. 

Our laboratories were impelled to investigate curl 
and its causes because of the conflicting recom- 
mendations of the earlier authorities. The curl of 
our own products is objectionable in a number of 
applications. The elastic bandages which we pro- 
duce spiral when suspended in air, as shown in 
Figure 3. When a short section of this bandage is 
examined it becomes clear that 
this spiraling is merely an ex- 
tension of the same curl which 
is defined above. Diagonally 
opposite corners behave the 
same way. This type of curl 
is a problem in tapes and braids 
and in the narrow fabrics which 
we weave. Customers who 
purchase ordinary gauze and 
then slit it occasionally com- 
plain that the strips ‘‘will not 
hang straight.”” Organdies or 
stiffened cotton fabrics invari- 
ably curl, although these ma- 
terials do not usually curl be- 
fore the stiffening treatment. 

It has been reported that our 
print cloth curls very badly 
after itis impregnated with phe- 
nol formaldehyde and stamped 
into a radio spider, which is 
a small cloth unit mounted in 
the center of dynamic speakers. 
Finally, a prodigious amount of 


Fic. 3. Elastic bandage spiraling 
when suspended in air. 


Curling organdy dress fabric in 
the cutting room. 


curl (of the scroll type referred to above) resulted 
from our early efforts to produce a directionally 
stiff fabric. 


2. Mechanics—Part I 


Cotton yarns are composed of cotton fibers, an 
average fiber being about 1 inch long. In the 
manufacture of yarn these fibers are aligned by 
drafting or combing processes and then spun to- 


gether to make a strand or thread of indefinite 


length. This last process is accomplished on a 
spinning frame, a machine that can be operated in 
either direction, so that either right-hand or left- 
hand twist can be imparted to the yarn. Prac- 
tically all textile fabrics are woven using yarns 
twisted in the same direction in both warp and fill- 
ing. In this country, at least, practically all textile 
fabrics are woven with ‘‘Z”’ or right-hand-twist 
yarns. 

In a woven fabric each yarn is so held that its 
natural desire to untwist is denied. If a yarn is 
frayed out from the fabric, however, and then one 
end is released so that it is free to turn, it will un- 
twist several revolutions—showing that this desire 
exists. Ina 6-inch square sample of ordinary sheet- 
ing there are nearly 300 threads in each direction. 
If the warp yarns all had a slight tendency to un- 
twist clockwise, for instance, and if this tendency 
were not balanced by some other slight tendency 
in the opposite direction, one might expect that the 
whole fabric would tend to curl in the same direc- 
tion as the individual yarns (Figure 4A) ; that is, the 
northeast corner coming up, the northwest corner 
turning down, the southeast corner turning down 
and the southwest corner turning up. This is ex- 
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actly the kind of curl which we are trying to 
rationalize. 

If Figure 4 is examined closely it will be seen that 
the pattern shown in Figure 4A can be the result of 
the warp yarns trying to turn in the direction indi- 
cated by the arrow. At the bottom of the sample 
illustrated the warp yarns are turning clockwise, 
lifting up the lower left-hand corner, and turning 
down the lower right-hand corner. The tendency 
of the same yarns to untwist will evidence itself at 
the top of the sample by curling the upper left-hand 
corner down and the upper right-hand corner up. 
If a short section of the spiraling bandage shown in 
Figure 3 is considered, it will be seen that here again 
diagonally opposite corners of the fabric are turning 
in the same direction. 

In ordinary sheeting the direction of twist in 
warp and filling yarns is the same. In our 6-inch 
sample, then, the filling yarns would also be trying to 
untwist. In Figure 4B it is the Z-twist filling yarn 
which has been drawn in rather than the Z-twist 
warp, to show that in Figure 4A the filling yarns’ 
efforts to curl the fabric are concealed by the pre- 
dominating tendencies of the warp yarns to curl 
the fabric. If, as in Figure 4B, the filling yarns 
were causing the curl, the corners of the fabric 
would be turning in the opposite direction from 
which they are turning in Figure 4A. The curling 
effect of the filling yarns is therefore in the opposite 
direction from the curling effect of the warp yarns. 

In an ordinary textile fabric, then, the curling tend- 
ency produced by a Z-twist yarn in the warp is opposed 
by the curling tendency of a Z-twist yarn in the filling, 
and an S-twist yarn tn the warp similarly opposes an 
S-twist yarn in the filling. If the yarns in the warp 
are twisted in the opposite direction from the yarns in 
the filling, the curling tendencies of these two sets of 
yarn augment each other. 

This leads immediately to some highly significant 
conclusions. We have hypothesized that the curl 


of a textile fabric is due to the tendency of its com- 
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ponent yarns to turn. The net curling tendency of 
the warp yarns taken alone will depend upon (1) ‘he 
direction of their twist, (2) the number of turns per 
inch in each yarn, and (3) the size of each yarn, 
This last factor is not one simply of weight, | ut 
rather of diameter and its effect upon torque. Cur 
tapes contain a large number of tightly twisied 
warp yarns per inch, with a comparatively small 
number of loosely twisted filling yarns running 
across them. As is common practice in the trace, 
we minimize curl by using alternately twisted warp 
yarns—that is, drawing in the warp yarns so that 
they run S,Z, S,Z, S,Z, across the fabric, which is 
the way that most tapes are woven. It now be- 
comes apparent, however, that this mechanism bal- 
ances the warp entirely, and leaves the filling en- 
tirely unopposed. The curl in the final product is 
therefore due to the unopposed tendency of the 
filling yarns toturn. It would certainly be sounder 
practice, and no more difficult, to leave the warp 
slightly out of balance so as to provide at least par- 
tial opposition to the filling yarns. This is in sharp 
distinction to the theory of Schénholzer [1], who 
recommends alternate twist in the filling yarns also, 
with all of the production difficulty entailed. 

For the ordinary uses of textile fabrics it is not 
necessary to eliminate curl completely. In a typ- 
ical broadcloth, having 136 yarns per inch in the 
warp and only 60 yarns per inch in the filling, the 
warp yarns are heavier than the filling yarns and 
more tightly twisted than the filling yarns. Thus 
the warp tendencies are opposed by the filling tend- 
encies to a very slight degree only, yet it is known 
that objectionable curl does not occur. This is due 
to the fact that the magnitude of the curling forces 
exerted by ordinary cotton yarns is very slight, and 
it needs to be substantial in order to lift the weight 
of the fabric into a curl. It is interesting to note 
that a few manufacturers produce what is called 
reverse-twist broadcloth, in which the warp yarns 
ordinarily have a Z-twist and the filling yarns an 








Fic. 4. Drawing of a square 
sample of ordinary sheeting, show- 
ing, at the corners, the direction of 
curl. A (left) illustrates the in- 
fluence of the warp yarns, and B 
(right), the influence of the filling 
yarns. 













an 


dit 


fal 
sal 
sh 
ing 
te) 
ya 
wa 
lea 
the 
pe 
th 
mi 





Marcu, 1947 


5- wist. In this case there is no opposition what- 
ver; the two sets of yarns reinforce each other’s 
iling effects. Reverse-twist broadcloth curls 
ry noticeably, but even so this is not apparent 
‘hen the cloth has been made into a shirt. 

An ordinary textile fabric must be considerably out 
of balance for detectable curl to occur. This happens 
in creped fabrics, in braids and tapes, in reverse-twist 
broadcloths, and occasionally in slit goods, where small 
amounts of curl become noticeable in long strips. 

in an ordinary textile fabric which curls because 
the warp is only partially balanced by the filling, 
the direction of curl of the fabric is the same as the 
direction in which one of the warp yarns untwists 
when it is raveled out of the fabric. It is of course 
opposite to the direction in which one of the filling 
yarns untwists. In a piece of reverse-twist broad- 
cloth with warp and filling yarns twisted in opposite 
directions, the fabric curls so as to untwist both the 
warp and filling yarns. This may seem obvious, 
but it is worth stressing in the light of what is to 
follow. 

Curl tendency in ordinary fabrics 1s directionally 
identical with the untwist tendency of those yarns 
which are not completely balanced. In other words, 
the fabric curls in such a direction as to untwist those 
yarns which are not completely opposed. 


3. Mathematics 


From the foregoing it will be understood that a 
fabric which is woven with a square count using the 
same yarn specifications in both warp and filling 
should be free from curl. This may be an interest- 
ing fact, but it is not a very productive one for the 
textile manufacturer who wants to use stronger 
yarns in the warp and usually more yarns in the 
warp than he does in the filling. What he needs to 
learn is how he can compensate for tighter twist in 
the warp by route of increasing the yarn weight, 
perhaps, in the filling. The relative importance of 
the various factors is developed in the following 


mathematical treatment. 


Dimensions used in computing torque 
in cylindrical rod. 


Fic. 5. 
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The standard formula for the torque of a rod is: 


DtaG 
T = => 1 
Ke, ’ ( ) 
where (see Figure 5) 7 = torque, D = diameter, 
a = angular windup, G = shear modulus, K = con- 
stant, LZ = length. Or, for unit length where the 
shear modulus is a constant, 


T = K'D'. (2) 


In two rods of different diameters and different 
angular windups but of the same material, 


pe = Da, 
T2 ie D+a2 (3) 


In a textile yarn the diameter is inversely propor- 
tional to the square root of the yarn number (cot- 
ton’s count), 


D VN; 
De (4) 
2 VM, 


and the turns per inch (7‘PJ), which is the product 
of the twist multiple and the square root of the yarn 
number, is directly proportional to the angular 
windup. 
oF (TPI); aa MWM1 
a (7TPI)2 M.vN, 





(5) 


Substituting in equation (3), then, 


MWN, 


T; “A N2 MN} 


T, Ni MvN, MN (6) 





If the torque of a yarn is proportional to its twist 
multiple divided by N?, and if the torque of warp 
yarns opposes the torque of filling yarns in woven 
fabrics, then to get a balanced or noncurling fabric 
one need only satisfy the following: 


EwMy _ 


EwMw _ EsMy 
|? iw 


N,;3 ’ 


where E equals the end count per inch, the sub- 
scripts w and f refer to warp and filling yarns, re- 
spectively. In obtaining equation (7) the shear 
modulus G was canceled out as a constant. This 
equation, therefore, cannot be used for balancing 
the torque of a cotton warp against the torque of a 
wool filling, for instance, because the shear moduli 
of cotton and wool would presumably be different. 
The assumptions that have been made should be 
clear. It has not been assumed that a cotton yarn 
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is an ideal rod, but only that a cotton warp yarn is 
as nearly ideal a rod as a cotton filling yarn. It has 
been assumed that possible variations in staple 
length between warp and filling yarns are unim- 
portant, and that the differential tensions under 
which the warp and filling yarns are inserted in the 
fabric are unimportant. 

The final formula states that if the product of the 
twist multiple and the end count divided by N? for 
the warp is the same as the corresponding value for 
the filling, the torque effects of the warp and filling 
should be equal and the fabric should not curl. 

This formula, however, does not satisfy. It fails 
when the warp yarns and the filling yarns are sub- 
stantially unlike in weight, probably because the 
twist multiple does not accurately express the degree 
of ‘‘twistiness’” in a yarn. In theory, the twist 
multiple should indicate whether a yarn is tightly 
twisted or loosely twisted without reference to the 
yarn’s weight. Thus a twist multiple of 5 would 
indicate a yarn sufficiently twisted to be suitable as 
a warp, whereas a twist multiple of 3 would indicate 
a yarn with a filling or soft twist. In practice, it 
is found that the twist multiple must be significantly 
increased as the yarn number is increased in order 
to maintain yarn density or ‘‘twistiness.”” A 10s 
yarn with a twist multiple of 4 is quite tightly 
twisted and makes an excellent warp yarn. A 
100s yarn with a twist multiple of 4 is very loosely 
twisted, and probably could not even be woven in 
the filling. 

The equation relating turns per inch, helix angle, 
and yarn diameter is: 


tan 6 
TPI = a (8) 


The meaning of the symbols is apparent in Figure 6. 
But 


TPI = MAN = >. (9) 


———_—— 6/2__+ 
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Substituting in equation (8): 


M _ tané 
KD” xD’ 


and therefore: 


M; _ tan6s, (11) 
Me tan 62 

This last equation states that with equal twist 
multiples the fiber angles in yarns of different di- 
ameters should be equal. In practice the fiber 
angles are not equal uriless the twist multiple is 
increased as yarn fineness increases. 

In 1934, Dr. Carl Brandt [2 ] published a formula 
giving the twist multiples for maximum tensile 
strength for cotton yarns of varying weights. He 
obtained his results by measuring the tensile 
strength of several different-weight yarns at several 
different twist multiples. He found that if the 
twist multiple for maximum strength is plotted 
against the yarn number a straight line results 
(Figure 7). Analyzing his data, we found this line 
to have the formula: 


Parenthetically, Brandt reported that at the maxi- 
mum breaking strength he observed that the fiber 
angles on his various yarns were the same. 

We have seen that with equal twist multiples 
yarns of different sizes should (but do not) have the 
same fiber angles. Since at the point of maximum 
strength the fiber angles are equal, Figure 7 repre- 
sents the amount by which the twist multiple must 
be increased with increasing yarn fineness in order 
to maintain one certain fiber angle, the angle that 
Brandt observed. 

Reasoning from this, the idea of an ‘‘absolute 
twist multiple’ was conceived. This would be de- 


| 


Fic. 6. Dimensions used in 
equation relating turns per inch, 
helix angle, and yarn diameter. 
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fined as the ordinary twist multiple decreased by the 
a 
quantity ret 
Mus. = M-%- (13) 
With equal absolute twist multiples, Brandt’s work 
shows that at the point of maximum strength the 
fiber angles in different-weight yarns are the same, 
and that therefore, at least at this point, the abso- 
lute twist multiple behaves ideally. We assume 
that with equal absolute twist multiples the fiber 
angles in different-weight yarns will be equal at all 
degrees of twist rather than only at the maximum- 
strength twist. It is believed that this is an en- 
tirely logical assumption to make, since otherwise 
the fiber angles, which are zero with zero twist in 
yarns of different weights, would have to differ as 
the absolute twist multiple is increased and then 
become equal again when the absolute twist mul- 
tiple is equal to 3.55. Whether or not such con- 
formity occurs, in practice we operate very close to 
the maximum breaking point on our spun yarns, 
so that the absolute twist multiple defines yarns 
with equal fiber angles in most cases. 

Experience in yarn spinning has shown that the 
surface fibers escape twisting to some extent because 
they are partially free, but the core fibers do not 
escape it. The absolute twist multiple as defined 
above says in effect that no yarn twisting takes 


66’ after 


which twisting takes place at the theoretical rate. 
This explanation suggests that equation (7) should 
be satisfactory for use with continuous filament 
yarns, while equation (14) is preferred for staple 
yarns, 


place until the twist multiple is equal to 


M for 
maximum 


Strength 


Fic. 7. Curve showing amount by which twist mul- 
tiple must be increased with increasing yarn fineness to 
maintain a given fiber angle (Brandt). 
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We conclude, then, that a woven textile fabric will be 
free from curl under all conditions if the end count, 
twist multiples, and yarn numbers 1n the warp and 
filling are adjusted to satisfy the following formula: 


my 7 i Nw ) al ( ‘| 
Ew ( M. 66 Ey e 
f 


Nw 








This formula in practical use is accurate over a wide 
range of yarn numbers and end counts. For ex- 
ample, through its use flat fabrics containing 14s 
yarns in the warp with a sley below 30 and balanced 
with 60s yarns in the filling with a pick count above 
100 have been produced. Fabrics woven in com- 
pliance with this formula, or with the modifications 
of it which follow, are the subject of patents 
[3, 4, 5]. 

Occasionally it is not desirable to bring a fabric 
into balance by the direct opposition of warp and 
filling prescribed by equation (14). For example, a 
172 X 88 broadcloth with 50s yarns in both warp 
and filling could be balanced only by radically dis- 
torting end counts, or yarn weights, or twist mul- 
tiples, or all three. In such a case it is usually pre- 
ferable to determine the filling torque factor 7;, as 


defined by the right-hand term of equation (14), 


using the preferred filling specifications. This value 
is then substituted in equation (14a), the preferred 
warp yarn specifications are inserted, and E,,’, the 
number of warp ends required to balance the entire 
filling torque, is obtained. 


Ee’. (14a) 


The remainder of the warps are balanced between 
themselves by drawing half of them with S-twist 
and half with Z-twist. 

The opposition between warp and filling which is 
the basis of equations (14) and (14a) is effected, of 
course, only by the use of unidirectionally twisted 
yarns. In other words, all yarns in equation (14) 
must be twisted in the same direction, and in equa- 
tion (14a) the E,,’ yarns must be twisted in the same 
direction as the filling yarns they are intended to 
balance. A general formula which may be used to 
produce balance when S- and Z-twist yarns are to 
be present in both warp and filling is given by the 
following extension of equation (14): 
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4. Mechanics—Part II 


Another application involving curl elimination 
was the development of a directionally stiff fabric. 
Briefly, the object was to make a fabric having 
fillingwise stiffness and warpwise softness by means 
of the insertions of yarns highly susceptible to fusing 
agents (such as rayon) in the filling, and yarns 
which were less susceptible (such as cotton) in the 
warp. Details of this process are contained in 
a patent [6]. After the fabric has been woven it is 
treated with any one of the common fusing agents— 
for example, sulphuric acid. This reagent ‘‘ takes” 
very rapidly on rayon, and only very slowly indeed 
on grey cotton. By suitably limiting the time of 
reaction marked directional stiffness is produced. 

The first time this treatment was used a fabric 
which curled up into a scroll resulted. The direc- 
tion of curl was such as to untwist the warp yarns, 
twisting the filling yarns tighter. Microscopic ex- 
amination showed that the filling yarns had coa- 
lesced into solid monofilaments in which individual 
fibers could no longer be detected. We reasoned 
that this coalescing had destroyed the desire of the 
stiffened yarn to untwist, and therefore had left the 
desire of the warp yarns to untwist entirely un- 
opposed. This reasoning was supported by the fact 
that when a warp yarn was frayed out it untwisted 
several revolutions, while a correspondingly frayed 
filling yarn apparently had no desire to twist at all. 
It was refuted by the fact that this fabric curled 
much more than reverse-twist broadcloth does. In 
order to check this explanation another sample was 
woven in which the warp yarns were of alternate 
twist (S,Z, S,Z, etc.) and the filling yarns were all of 
the same twist. Surprisingly enough, this fabric 
curled at least as badly as the first sample did after 
the stiffening treatment, and again in such a direc- 
tion as to twist the filling yarns tighter. Still another 


fabric was woven in which the reactive filling yarns 
were thrown alternately S and Z, and the warp 
yarns were uniform Z-twist. 
fectly flat after fusing. 

By further exploration it was discovered that 


This fabric was per- 
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after being stiffened with a fusing agent all fab ics 
curl, and curl in such a direction as to twist t/:eir 
unbalanced yarns tighter. A piece of reverse-t\ ist 
broadcloth changes the direction of its curl ater 
stiffening by this process. 

Figure 8 shows a staple rayon yarn in three stiites 
of being stiffened with sulphuric acid. Figure 84 
represents the yarn before it is exposed to the acid, 
When it enters the finishing solution, it is swoilen 
by this solution, and as it emerges it looks like 
Figure 8B. At this point it has greatly increased 
its desire to untwist. If we consider the surface 
fibers the reason for this is plain. The yarn’s di- 
ameter has been considerably increased and the 
surface fibers are under a state of considerable ten- 
sion. Because of this they are pulling on the yarn 
in such a direction as to untwist it. The somewhat 
fanciful cross sections show what has happened to 
the fibers. 

The forces which laterally displaced the fibers in 
moving from A to B are quite clear. If the swelling 
agent is now removed, there is no comparable force 
which will again displace the fibers to take them 
back to the A position, as shown in the cross section. 
We might expect them to drift somewhat in that 
direction as a result of surface adhesions, but one 
would anticipate such drifting to be only partial. 
When the rayon yarn has been stiffened, however, 
it actually reaches the state shown as in Figure 8D. 
Its density is significantly increased. Visually, a 
60s yarn is similar toan 85s yarn. This ‘‘condensa- 
tion’’ does not occur if water is substituted for 
sulphuric acid in the process. 

The reason for this is that when the sulphuric acid 
is diluted or neutralized in the leaching process, par- 
tially dissolved or gelatinized cellulose is precipi- 
tated between and around the fibers. This precipi- 
tation unquestionably takes place while the yarn is 
in the B state of Figure 8. If the sulphuric acid is 
further removed, and when the leaching water is 
thereafter removed during the final drying, the 
fibers cling to each other because of the presence of 
this cellulose glue. When the fibers have finally 
returned to their original diameters, the yarn is 
pulled down into the D pattern rather than staying 
somewhere between the A and C patterns of 
Figure 8. 

Now consider what happens to the surface fibers 
during this final condensation. We know that the 
fibers in the B state are under considerable tension. 
If they are glued or cemented into this position, and 
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if the yarn then is forced into the D state, obviously 
these fibers must go into a condition of compression. 
This compression must give the yarn a desire to 
twist tighter. The desire of these stiffened yarns 
to twist tighter is satisfied with only a portion of 
a revolution, because the fibers have coalesced and 
the yarn is a rigid structure. 

In order to obtain “reverse curl’? phenomena it is 
not necessary to use so potent a swelling agent as 
sulphuric acid. It is only necessary that the yarn 
be swollen, then stiffened, and finally ‘‘condensed.”’ 
These steps must be taken in exactly this order. 
If a textile fabric is impregnated with a soap solu- 
tion, or with starch, or with any of a number of in- 
organic salts in aqueous solution (ammonium 
chloride, ammonium phosphate, sodium borate, 
magnesium sulphate, sodium chlorate, etc.) this 
reversal will take place. With some salts no re- 
versal takes place, but this is only in those cases in 
which no stiffening takes place. 

An interesting demonstration of the importance 
of the order in which swelling, stiffening, and con- 
densing occur is the following: Urea has a melting 
point of 133°C. If a fabric is impregnated with a 
solution of urea, and then dried at 120°C, the fabric 
is (1) swollen by the water, (2) stiffened by the 
crystallizing urea before the last of the water is 
driven off, and (3) condensed when the last of the 
water evaporates, the urea cementing the fibers 
together, just as the cellulose does in sulphuric acid 
treatments. Under these conditions strong reverse 
curl occurs. If the fabric is dried at 140°C instead 
of 120°C, the fabric is (1) swollen by the water, 
(2) condensed after the water leaves, and (3) stiff- 
ened as the molten urea solidifies when the fabric 
is cooled. Under these conditions no reversal of 
curl whatever occurs. 

Fabrics stiffened in the presence of a swelling agent 
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curl in such a direction as to twist the unopposed com- 
ponent yarns tighter. The curl of a stiffened fabric 
is caused by the stiffened yarns trying to increase their 
degree of twist. This means that an S-twist stiffened 
yarn in the warp acts in opposition to a Z-twist 
unstiffened yarn in the filling. 

An interesting point springs from this. The 
physics of yarn or cable assembly is built around the 
fact that in a twisted yarn the surface fibers are 
under a state of tension before any tension is placed 
on the yarn itself, the core or central fibers being 
in a comparable state of compression. When yarn 
is strained, it is commonly believed that the surface 
fibers bear the entire load at first, the core fibers not 
only not sharing it but actually contributing to it 
because of their compression. It now becomes clear 
that while this is undoubtedly the case in a soft 
textile yarn, in a stiffened textile yarn the situation 
is exactly the opposite. 

One of the largest applications for noncurling 
fabrics is in the laminating industry. In the manu- 
facture of laminates, the fabric is impregnated with 
a solution of Bakelite and then dried at some tem- 
perature too low to produce significant polymeriza- 
tion of the resin. At this point most textile fabrics 
are quite free from curl, and, the water having been 
removed, the yarns are no longer swollen. When 
this impregnated fabric is pressed between two hot 
plates, a tremendous amount of curl is immediately 
generated. In this case the swelling agent is the 
water which is released by the condensation of the 
resin in its final polymerization. Urea formalde- 
hyde, incidentally, behaves in exactly the same way. 
Most of the large laminators attribute curl to dis- 
tortions which take place during the final molding 
or pressing of the laminate. Many of them go 
through elaborate procedures in an effort to reduce 
this curling—such as cooling the laminate gradually 


Fic. 8. Schematic diagram of 
cross sections of staple rayon yarn 
being stiffened by sulphuric acid. 
A—Varn before it is exposed to 
acid. B—Yarnas itemerges from 
finishing solution. C—Expected 
cross section after acid stiffening. 
D—\arn after it has been stiff- 
ened; note increased density over 
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n the mold, etc. These procedures are certainly of 
little value. 

These laboratories have never seen or heard of a 
textile fabric which does not curl, and which does not 
curl significantly after being stiffened with starch, 
Bakelite, or a Heberlein reagent. Considering the 
vast number of constructions which have been 
made, this at first seems surprising. But in stand- 
ard fabrics, the warp yarns are twisted more tightly 
than the filling yarns are, because the warp yarns 
suffer a good deal of abrasion during the weaving 
process, whereas the filling yarns are practically 
untouched. In England and America at least, 
‘“‘warp twist’’ is synonymous with high twist, and 
“filling twist’ is synonymous with low twist. In 
addition, the warp yarns are almost invariably 
heavier than the filling yarns. The reason for this 
is the same as for the tighter twist: the warp yarns 
need to be larger and stronger in order to stand the 
abrasion of the loom. Finally, in most common 
commercial fabrics the warp count is higher than 
the filling count, or at the very least it is as high, 
because filling count determines the yardage pro- 
duction of the loom, whereas warp count is impor- 
tant only during the preliminary tying-in process. 
Because these three factors almost invariably act 
on the same side, textile fabrics curl after being 
impregnated with a stiffening agent. 

In an ordinary soft textile yarn the torque of the 
yarn introduced by twisting is considerably reduced 
because of the slippage and other displacement per- 
mitted by thé loose fiber assembly. After a stiffen- 
ing treatment of the type described, in which the 
fibers are rigidly glued in place, no comparable 
slippage is possible, and as a result the torque in the 
yarn frequently becomes very high indeed. This 
is evidenced by the fact that even the curl in a soft 
reverse-twist broadcloth is moderate as compared 
with the curl of a stiffened print cloth in which the 
warp and filling yarns oppose each other to a con- 
siderable extent. Indeed, the magnitude of the 
curling forces exerted by a stiffened yarn is so much 
greater than the magnitude of the forces exerted by 
unstiffened yarns that the forces exerted by the un- 
stiffened yarns may be discounted in balancing a 
fabric containing both types of yarns. In making 
a noncurling directionally stiff fabric, it is*necessary 
to balance only those yarns which are susceptible to 
the fusing treatment. 

It should also be noted that whenever reverse curl 
has taken place, it can be reversed again by intro- 
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ducing the swelling agent. Since the fibers have 
been glued, the fabric will then curl to untwist y.rns 
in the presence of a swelling agent just as violently 
as it curls to twist its yarns tighter in the absence 
of a swelling agent. 

During use, practically all stiffened fabrics are 
alternately wet and dry. Water is the most com- 
mon swelling agent for cellulose and a more poient 
one than is generally appreciated. In the presence 
of water, stiffened yarns are struggling to untwist, 
with surface fibers strongly tensioned, and with core 
fibers in compression. When the yarns are dry 
they are striving to twist tighter with surface fibers 
under strong lengthwise compression, and with core 
fibers under tension. This alternation of tension 
and compression of the fibers may have a profound 
effect on the fatigue life of the whole structure. 


5. Conclusion 


For the purpose of emphasis a few of the more 
important concepts and new principles advanced 
above will be enumerated here. 


1. The curl of woven textile fabrics is caused by 
the additive torque effects of the warp and filling 
sets of yarns. 

2. If warp and filling yarns are similar in direc- 
tion of twist and state of finish, the torque effect of 
one opposes the torque effect of the other. 

3. An “absolute twist multiple” is mathemati- 
cally defined which provides equal degree of twist in 
yarns of different weight, thus overcoming a trouble- 
some defect of the conventional twist multiple. 

4. Equations are developed which relate yarn 
and fabric parameters to torque. 

5. An easily practicable method for balancing the 
torque of warp and filling sets in any woven fabric 
is disclosed in a formula. 

6. It is shown that a spun yarn loses its original 
desire to untwist and acquires a new and powerful 
tendency to twist tighter when stiffened in the pres- 
ence of a swelling agent. 

7. A powerful force, which must play a large part 
in the function of most mechanical fabrics and many 
dress fabrics, has been identified and demonstrated. 
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Automatic, Normal-Incidence Solar 
Exposure Cabinet 


P. J. Fynn and K. S. Campbell* 


Southern Regional Research Laboratory, New Orleans, Louisiana 


In a study of the separate effects upon cotton cellu- 
lose of the various factors of outdoor weathering, it 
became necessary to devise a means of exposing cot- 
ton fabrics to solar radiation while maintaining cer- 
tain required conditions: To obtain a maximum ef- 
fect in the shortest possible time, the sample surface 
should be kept normal—that is, perpendicular to the 
sun’s rays; to investigate the effects of several se- 
lected portions of the spectrum, the radiation should 
be filtered so that each of separate portions of the 
fabric sample receives radiant energy from a separate 
region of the spectrum ; to isolate radiation from other 
factors of weathering, the samples should be pro- 
tected from rain and the ambient air should be sub- 
stantially free of dust, air-borne organisms, and acid 
gas contaminants such as sulfur dioxide and hydro- 
gen sulfide ; and, finally, the temperatures of the vari- 
ous portions of the sample should remain approxi- 
mately equal and fairly constant at a selected level. 
Furthermore, the amount of radiant energy received 
in each of the several spectral regions of interest, as 
well as the total energy received on both a normal and 
a horizontal surface, should be measured and _re- 





corded. 

In order to accelerate the weathering of paint and 
enamel test panels, Gardner, Davis, and Davis [1] 
exposed samples on a movable rack, instead of in a 
fixed position, facing south and inclined 45° from the 
horizontal. By means of a water wheel and daily 
manual adjustments the rack was kept facing the sun 
throughout the day. The rather considerable short- 
ening of the testing time obtained by this method in- 
spired the adoption of the same principle in the pres- 
ent work. It was desirable to develop the application 
further and make the rack motion and recording cy- 





* Transferred to Department of Commerce, National Bu- 
reau of Standards, Washington, D. C., August 14, 1946. 

+ One of the laboratories of the Bureau of Agricultural 
and Industrial Chemistry, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 


cles fully automatic so that they would run wnat- 
tended a week at a time or longer if need be. 


The Exposure Chamber 


The special conditions required for this experiment 
are obtained by enclosing the samples in a weathier- 
proof, airtight, but unsealed cabinet covered by a 
top containing six windows, each made from a dif- 
ferent kind of Corning glass color filter. Such glass 
is not available in sheets large enough to make a 
single pane the size of the windows desired (20-by- 
20 inches), so the largest pieces available are joined 
with zinc double-channel molding in the manner of 
stained-glass windows. This method of window 
construction cuts to a minimum the width of the 
shadows falling on the samples. 

The body of the cabinet, 1-by-4-by-6 feet in size, 
is made of heavy plywood, with shoulder joints at 
corners and edges (Figures 1 and 2). The top, a 
mortised frame of cypress rabbeted for the windows, 
is hinged to the cabinet with three heavy galvanized 
T-hinges bolted in place. A strip of sponge rubber, 
similar to that used in sealing refrigerator doors, 
makes a weathertight seal when the top is forced 
down and held in place with hasps spaced around 
the box. 

Inside the cabinet are six polished chromium- 
plated copper water cells. The fabric samples are 
fastened on the slightly convex faces of these cells 
and are thus held in contact with the cell surface. 
Deflected back and forth by baffles in each cell, water 
is circulated at a temperature thermostatically con- 
trolled. Individual temperature control within lim- 
its is obtained by a valve for each cell, located on the 
outside of the cabinet. A Weston dial thermometer 
permanently installed in the outlet indicates the tem- 
perature of the water leaving each cell. The supply 
and return manifolds are flexibly connected by means 
of garden hose to the circulating system. A 60-gal- 
lon, thermostatically controlled bath is the reservoir 
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Fic. 3. Declination adjustment disc. 


from which the water is circulated by a centrifugal 
pump. 

Air circulation is maintained by means of a small 
blower mounted inside the cabinet at one end, which 
exhausts through a baffled outlet. The air is drawn 
in through two standard automobile carburetor air 
filters attached to the exterior underside of the cabi- 
net, near the end opposite the blower. Surrounding 
the air filters are baffle cans having an annular space 
which is filled with granular soda-lime to remove acid 
Circulation is at the rate of one 
A clockwork recording 


gases from the air. 
change of air per minute. 
hygrothermograph with a weekly recording cycle is 
secured inside the cabinet at the lower end. 


The Mount 


In order to reduce the driving motion to simple ro- 
tation, an equatorial type of mount is used. <A 5-by- 
7-foot rectangular frame made of 3-inch channel iron 
supports the cabinet in a manner analogous to a 
gimbals on a single axis of 14-inch shafting which 
is attached at the centers of the long sides but does 
not pass through the cabinet. The frame, supported 
on 14-inch shafting at right angles to the axis of 
the cabinet, is attached to the centers of the short 
sides but does not pass through the frame. This 
completes the gimbals and allows independent rota- 
tion of the cabinet around two axes at right angles 
to each other in the same plane. At the points where 
the shafts go through the frame, the channel has 
been filled with iron blocks welded in place and 
drilled to receive the shafting. 

The base for supporting the gimbals is a 4-by-10- 
foot rectangle of 2-by-2-inch angle iron with vertical 
pillars 8 feet apart. Each pillar is made of two 3- 
inch channels; the frame and the diagonal braces for 





Fic. 4. The drive. 


the pillars are of 2-inch angle iron. The pillars are 
of unequal heights so that when capped with ball- 
bearing pillow-blocks to receive the projecting shaft 
of the gimbals frame they fix the axis at an angle 
equal to the latitude of the installation. At this lo- 
cation the angle is 30° from the horizontal. The in- 
clined (“polar”) axis is the driven shaft, which is 
mounted in a north and south vertical plane, with the 
high end toward the north. Ball-bearing pillow- 
blocks of the combination radial-and-thrust type are 
used to support the driven shaft. The lightest kind 
available in 14-inch shaft size is sufficient because 
of the extremely slow rotational speeds. 

On the shaft of the gimbals which supports the 
cabinet, the declination settings are made. This 
shaft makes a smooth, running fit through holes in 
the frame. A 12-inch disc of 44-inch iron plate is 
keyed to the shaft extension on one side of the frame 
(Figure 3). Two lugs bolted to the frame and over- 


lapping the edge of the disc maintain the shaft in its 
set position by clamping the disc against the face of 
the frame. 
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The declination setting,.as well as settings for 
proper position on the polar axis, is made simply and 
accurately by means of a telltale mounted on the face 
of the cabinet. A round brass pin 2 inches long is 
driven perpendicularly into a hole through the center 
of a 2-by-2-inch brass plate. The brass plate is 
fastened on the flat top of the cabinet. When the 
cabinet is set with its face perpendicular to the sun’s 
rays the brass pin casts no shadow. If the declina- 
tion setting is incorrect the shadow of the pin will be 
north or south of center; if the rotation lags or leads 
the sun, the shadow will be east or west of center. 
A circle scribed around the base of the brass pin indi- 
cates the limits within which the shadow must stay 
if the cabinet is not to vary more than 314°, the se- 
lected limit of variation, from normal incidence. 

Extending horizontally beyond the short pillar, 
the base of the mount is covered with a steel-plate 
platform for supporting the driving mechanism. The 
cabinet with its mount and drive is a structural unit 
which is fastened to the roof by six %4-inch bolts 
which pass through the 8-by-10-inch joists support- 
ing the roof. 
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The Drive 


Continuous rotation of the polar axis at the rate 
of one revolution per 24-hour day would require 
carefully selected gears and tremendous reduction 
in the speed of conventional motors, which would 
make a continuous drive prohibitively large and ex- Fic. 6. Thirty-minute interval timer. 


pensive. To circumvent this situation, 
a time-controlled intermittent drive is 


TIME s@ ; , >» cabine > ncre- Th 
pool used to advance the cabinet by incre 
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ments. Inasmuch as the samples un- geat 
der test can deviate from normal in- 291 
cidence by a small angle with no sig- rc 
nificant loss of incident energy, the 50-t 
cabinet is moved at 30-minute inter- wale 
vals. The sun’s apparent motion is wed 
7%° during a 30-minute interval, i, 
which makes the deviation of the cabi- and 
net from normal incidence + 314°, a min 
sufficiently small angle. but 
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Fic. 5. Block diagram of control circuit. 
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Fic. 7. Positioning cam and switches. 






The drive consists of a %4-horsepower single-phase 





gear-in-head motor with an output shaft speed of 
291, revolutions per minute (Figure 4+). Through 
4-inch cut steel mitre gears it drives the worm of a 
50-to-1_ reductor. The reductor drives the polar 
axis of the cabinet through a 10-inch cast-steel bevel 
and pinion gear with a 2:1 ratio. The total reduc- 
tion is approximately 6,000 to 1 from 1,725 r.p.m. 
and the speed of rotation of the cabinet is 106° per 
minute while in motion. This speed is not critical 
but is determined solely by the choice of materials at 
hand. It could be half or twice this value and still 
be satisfactory. The drive is built sufficiently rugged 
to withstand wind torques to which the cabinet might 
be subjected in its exposed position on the roof of a 
60-‘oot building near the shore of a large lake. 


























The Controls 


The motion of the cabinet is controlled automati- 
cally by means of a 24-hour time switch, an interval 
timer, and a positioning cam (Figure 5). The time 
switch, a stock variety commercially available, is used 
as a starting clock, 7.* At the beginning of each 
daily cycle, it energizes the controls by closing the 
solenoid circuit of an electromagnetic line breaker, 
2, in the line which supplies the control panel. 

The interval timer, 3, is required to start the drive 
motor, 4, every 30 minutes by making a momentary 
contact of about one second’s duration in the sole- 
noid circuit of a magnetically operated motor starter, 
5, with “hold-in” contacts. Such a timer not being 
available commercially, one was improvised which 
consisted of a synchronous clock motor, shaft speed 
1 r.p.h., a 3-inch disc with tripping lugs 180° apart 
on its periphery, and a micro-type switch (Figure 6). 
The short contact time is accomplished by the special 
design of the switch trigger and tripping lugs which 
have been filed to knife edges so that their contacting 
faces are no more than thin lines. With this ar- 
rangement reliably reproducible contact intervals as 
short as 0.5 second are obtained. 

The positioning cam, 6, is a 14-inch disc of 44-inch 
steel divided into 24 sectors of 15 degrees each. Al- 
ternate sectors have been cut back 2 inches from the 
circumference. The cam is mounted on the output 
shaft of the gear reducer and turns through twice 
the angle turned by the cabinet (Figure 7). In 
contact with the periphery of the cam is a phosphor 
bronze leaf spring which is depressed upon en- 
countering a “tooth” or released upon entering a 
“notch.” This actuates a positioning switch, 7, 
which stops the drive motor after each 15° of ro- 
tation of the cam (714° rotation of the cabinet). 

The positioning switch is comprised of two micro- 
switches, one normally open and one normally closed. 
Placed side by side, the micro-switches are wired to- 
gether and actuated together by a yoke, so that they 
constitute a 3-point switch which, with the interval 
timer, is in the control circuit of the motor starter. 
The yoke is arranged to actuate the “breaking” con- 
tact a little before the “making” contact, thus opening 
the circuit momentarily to allow time for the “hold- 
in’? contacts of the motor-starter switch to drop out 
before the switch closes in readiness for the next 
positioning impulse. Because of the need for this 


* The numbers 1, 2, etc., refer to Figure 5. 
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Fic. 9. Synchronous filter changer. 


slight delaying action an integral 3-point switch is 


not used. Two threaded pins are screwed through 
the cam disc to actuate two additional micro-switches 
mounted one above the other alongside the disc. 
The first of these switches, 8, is actuated at sunset 
and stops the forward drive as the cabinet enters its 
terminal position. 

The cabinet remains in its terminal position until 
a second 24-hour time switch, 9, regulated according 
to the seasonal change of sunset time, closes the 
motor reversing switch. The cabinet is returned to 
its starting position, where the second of the two pins 
threaded through the cam disc opens a limit switch, 
10, which is in the control circuit of the electro- 
magnetic line breaker, 2, and de-energizes the con- 
trol board. 

At the start of the next day’s cycle the 24-hour 
starting clock, 7, arranged to shunt out the cam-oper- 
ated limit switch, 10, again closes the main control 
switch. This starting clock shunt remains on until 
after the cam-operated time switch, 10, is released by 
the first movement of the cabinet. 

A third 24-hour time switch, 17, provides seasonal 
adjustment of the interval between the time the 
control board is energized and the time of the first 
movement of the cabinet. As presently constructed, 
the gimbals frame of the cabinet is limited to a little 
less than 180° of motion. This is insufficient to 
maintain normal incidence whenever the sun is near 
the horizon during the season of maximum positive 
declination. The second and third 24-hour time 
switches, 9 and 11, are used, therefore, to keep the 
control board active and the instruments recording 
during the morning and evening intervals when the 
sun is beyond the limiting positions of the cabinet. 

Arranged to intercept the gimbals frame and wired 


Fic. 10. Control board, recorders, and thermostat. 


directly to the main control switch, ahead of all other 
controls, is a safety limit switch (not shown) which 
de-energizes the control panel to prevent 360° ro- 
tation of the cabinet in the event of failure of the 
operating controls. 


Instruments 


The radiant energy from the sun incident upon 
the cabinet is continuously recorded by two Eppley 
50-junction thermoelectric pyrheliometers connected 
to a single-point recording potentiometer. One pyr- 
heliometer is fixed to the cabinet so that its receiver 
remains normal to the sun’s rays; the other is 
mounted stationary with its receiver in a horizontal 
plane. <A switching device, external to the recorder, 
enables each pyrheliometer to record for alternate 3- 
minute periods. The two records are separated by 
having the recorder register “zero” for a 15-second 
interval between recording periods. The synchro- 
nous clock motor of the switching device is geared to 
to give a cam disc speed of one revolution every 6 
minutes. Two 3-point micro-switches connected in 
series are operated by the cam disc. The positive 
leads of the pyrheliometers are connected one to each 
of the independent terminals of the first switch. The 
common terminal of the first switch connects to one 
of the independent terminals of the second switch; a 
shunt from the negative side of the recorder con- 
nects to the other independent terminal. The com- 
mon terminal of the second switch connects to the 
positive terminal of the recorder. In operation, the 
cam disc depresses the first switch for % a revolu- 
tion and releases it for % a revolution. It closes the 
second (shunt) switch only during the last 15 sec- 
onds of each 3-minute recording period. In this 
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manner, it is possible to obtain on a single record a 


comparison of the energies received both at normal 
incidence and on a horizontal surface (Figure 8). 

The energy transmitted by the various filters is 
measured by a 20-junction bismuth-silver thermopile 
constructed by the authors according to the design 
of W. W. Coblentz [2]. The thermopile is mounted 
in a filter-changing device which carries a 2-by-2- 
inch square of each of the six types of filter used as 
windows in the exposure cabinet. This device posi- 
tions each filter in rotation over the thermopile for a 
30-second period to register and record the trans- 
mitted energy on an 8-point strip chart recording 
potentiometer. There are eight positions on the 
filter disc, one for each of the six filters used, a blank 
—that is, unfiltered—and an opaque. The filter- 
changing mechanism is synchronized with the re- 
corder by a micro-switch installed in the gear box 
of the recorder so that immediately after each print- 
ing a momentary electrical impulse moves a new filter 
into position. In this way any given filter is always 
represented by the same print number. 

The filter changer consists of a 9-inch disc of %- 
inch aluminum with eight 14%-inch circular openings 
spaced evenly around its periphery (Figure 9). 
Above six of these openings are fixed the six filter 
squares; the seventh is covered with foil-wrapped 
cardboard, and the eighth is left open. This disc is 
fitted with a 14-inch center shaft mounted vertically 
on ball bearings. The rim is notched and an in- 
dexing lever carrying a *¢-inch ball-bearing race is 
held by a spring against the disc so that the ball race 
rolls along the rim as the disc revolves. The disc is 
driven by a Y%o-h.p., 1,750-r.p.m. induction motor 
through a small 50-to-1 worm gear reducer. To pre- 
vent overcoast of the motor, a brake made of a strip 
of leather is looped over the enlarged motor shaft and 
held taut by a spring. A 110-volt electromagnet 
with a 10-pound pull is connected by levers so as to 
release the brake and remove the indexing lever from 
a positioning notch at the instant of starting. An 
impulse from the recorder closes a latching relay 
which starts the drive motor and energizes the sole- 
noid. As the disc rotates and moves the next filter 
into place above the thermopile, a switch, actuated by 
small positioning lugs projecting from the underside 


of the disc, unlatches the relay. The motor and sole- 
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noid are de-energized and the springs apply the b -ake 
and draw in the indexing lever. 

The filter-changing mechanism is enclosed in a 
weatherproof box mounted on the surface of the ex- 
posure cabinet. The box is covered with two ‘ops 
separated by a ventilated air space and provided with 
a window of l-mm. quartz plate 3-by-3-in-hes 
square. In this way, only the filter which is re- 
cording is exposed to radiation. The other filters are 
shielded to prevent heating and consequent re-radia- 
tion in the infrared region. To prevent blurring of 
the record on days of rapidly changing light condi- 
tions, another micro-switch, installed in the gear box 
of the recorder and actuated by the printer arm, 
shunts out the supply to the slide-wire drive motor 
and “freezes” the position of the printer at the in- 
stant of printing. 

The automatic, normal-incidence solar exposure 
cabinet is in successful operation on the roof of the 
laboratory. In the attic immediately beneath are in- 
stalled the controls (Figure 10), which automatically 
maintain normal solar incidence and record the total 
radiant energy and the distribution of the energy in- 
cident upon fabric samples which are subject to the 





















specified conditions. This apparatus as constructed 
has proved adequate to ensure continuous automatic 
operation under all climatic conditions so far en- 
countered, including wind of storm velocities and 
precipitation of 14% inches per hour. 
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Air Permeability of Fabrics, II* 
L. W. Rainard 


Institute of Textile Technology, Charlottesville, Virginia + 


Ix a previous report on the air permeability of 
fabrics [1] an empirical equation was presented 
which allowed for a more adequate description of a 
fabric in terms of air permeability than the single 
measurement according to the approved technique 
of the American Society for Testing Materials. 
However, since the equation described was purely 
empirical, it is limited in its research utility. With 
this in mind, the following paragraphs are presented 
as an attempt to supply adequate theoretical back- 
ground for the problem, as well as to present some 
new considerations and revisions of the previous 
report. 

Poiseuille’s law states that the streamlined flow 
of a fluid through a tube is proportional to the pres- 


sure driving the fluid. It can be written 


4 
a (1) 


eS oO ’ 


where Q is the rate of flow through the tube, Z the 
length of the tube, R the radius and 7 the viscosity 
of the fluid. Serious deviations were found from 
this law and Hagenbach [2] proposed that these 
deviations could be accounted for by considering 
the energy changes involved when a liquid moving 
with low velocity in a reservoir increases its velocity 
in the tube. This kinetic energy correction corre- 
sponds to the second term in the following equation: 


4 
TApPR mpQ (2) 
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where p is the density of the liquid and m is a con- 
stant to account for the variation in velocity gra- 
dient through the diameter of the tube. 

In the case of a fabric which contains m openings 
per square foot, the flow of air through the fabric 
in cubic feet per square foot per minute can be 
represented as 


—_ Fy = nQ, (3) 
he first paper in this series appeared in the October, 
), issue, page 473. 
_TP resent address: Alexander Smith and Sons, Yonkers 1, 
New York. 


where Q is the average rate of flow through one 
opening of average radius R. Substituting F./n for 
Q in equation (2), separating the variables, and 
simplifying, the following quadratic is obtained: 
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Equation (4) then becomes 


KiFa + Ke = = ’ 
Pa 

which predicts that a plot of Ap/ F, against Fa would 
give a straight line with slope K, and intercept Ko. 
Among other things, the equation. also states that 
as the radius of the openings or the number of open- 
ings in the fabric is increased, the slope approaches 
zero and the flow of air is more nearly described by 
Poiseuille’s law. Also, Ke is a function of L, the 
length of the tube, whereas it does not appear in 
the expression for K;. Thus, if two or three layers 
of fabric were tested, the plots should have the 
same slope as that for one layer, and twice and three 
times the intercept if the Hagenbach [2] expres- 
sion holds for fabrics. 


Experimental Data 


The apparatus designed by Schiefer and Boyland 
[3] was used in these experiments. The tests were 
run under standard conditions of humidity and 
temperature. The flow of air, Fu, is reported as 
cubic feet per square foot of fabric per minute, and 
the pressure differential, Ap, in inches of water. 
At each spot tested the air flow as a function of 
pressure differential was observed. 

A single layer of blue denim was tested. The 
results were averaged and plotted in Figure 1. 

A single and a double layer of cotton sheeting 





, A , : ; 
Fic. 1. = plotted against F, for one layer of denim. 


a 


were also tested. With two layers, the warp direc- 
tions were varied so that they were parallel, per- 
pendicular, and 45° with respect to each other. No 
attempt was made to differentiate between these 
positions with respect to air flow and the data were 
simply averaged and plotted, as in Figure 2. 

One, two, and three layers of an undyed cotton 
twill (Figure 3), white piqué (Figure 4), and a plain- 
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weave rayon fabric (Figure 5) were tested. The 
relative position of the warps was varied for the 
two- and three-layer tests. 


Discussion 


From a strictly logical point of view the data 
obtained simply justify an empirical equation: 


A 
KiF, + Ke = Pe (/) 


It is impossible to give exact meaning to the terms: 


K, and Kg since the number of openings in a fabric 
per square foot, the average radius, and the average 
length of these openings cannot be determined ex- 
perimentally at present. 

Couette [4] found that end-effects can cause sig- 
nificant error in the application of the Hagenbach 
equation. Such errors can be empirically accounted 
for by using a correction factor, \, which corre- 
sponds to a fictitious lengthening of the capillary. 
In a fabric in which the length of the openings are 
short relative to the radius, such end-effects could 
be significant. Thus the Hagenbach equation 
should be modified as follows: 


rApR' mpQ 
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Ap 

Fic. F, 
for one layer of undyed twill (A), 
two ‘ayers (B), and three layers 
(C) 


3. plotted against F, 


however, the determination of 
\ for fabrics would be difficult. 

Although the statement was 
made above that K; and Kz 
should be considered, as a 
point of strict logic, as empiri- 
cal constants, the data sup- 
port a somewhat more general 
view. The values of Ke for 
one, two, and three layers fol- 
low the theory fairly well, 
and if two layers are compared 
to three layers, the agreement 
is good, as seen in Table I. 
K,, however, should have constant values for one, 
two, and three layers. As can be seen from Figures 
3, 4, and 5, the slopes for the second and third layers 
do not conform to the predictions of the theory. If 
equation (5) is examined, it will be seen that of the 
constants therein only R could be affected by plac- 
ing one layer on top of the other, and only in such 
a manner as to make R smaller. In a single layer 
the large holes carry the largest volume of air, but 
in multiple layers the chances of large holes lining 
up is small. The extra path between layers from 
a large hole in one to a large hole in the next can 
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be treated as decreasing R. Since R is decreased 
with each layer, K; should take on higher values 
with additional layers. 

In Table I are listed the slopes, Ki, the inter- 
cepts, Ke, and the A.S.T.M. permeabilities, as well 
as comparisons of the Ky» values based first on the 
value of Ke for a single layer and, second, on one- 
third the value of Ke for three layers. 

In the case of the open-weave fabrics where the 
air velocities are very high, the problem of turbu- 
lence has to be considered. The question is modi- 
fied somewhat by the fact that as tubes become 
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ANALYSIS: TESTING: 
LABORATORY METHODS 


* 
Abrasion Tester 


Edge abrasion, a new method of 


testing. K. Fogler. 
156-7 (Nov. 


abrasion 

Textil-Rundschau, 

1946). 
A new tester utilizing the principle 
of edge abrasion has greatly simpli- 
fed abrasion testing and increased 
its reliability by reducing the num- 
ber of variables to 3. The specimen 
is folded, using a gage for correct 
fold height, and clamped in the 
tester. The abrasion member is a 
flat brush with short nylon bristles. 
Under standard atmospheric condi- 
tions the only variables are the 
height of the fold, the load on the 
brush, and the rate at which the 
brush crosses the fold. The most 
troublesome variable eliminated by 
this tester is the tension on the fab- 
ti. In abrading the surface of a 
lat specimen it is practically impos- 
sible to maintain constant tension 
on the sample, and tension isa highly 
influential factor in abrasion. On 
the new tester the fold may be warp- 
wise, fillingwise, or diagonal. The 
tensile strength of the fabric at the 
line of abrasion is measured at inter- 
vals, and a curve is plotted with 
tensile strength as a function of 


the number of strokes. For fabric 
evaluation from abrasion tests it is 
better to calculate the number of 
strokes at which the fabric is 75% 
abraded to failure than to attempt a 
precise determination of the failure 
point. Good results have also been 
obtained by calculating the number 
of strokes at 50% abrasion to failure. 
Text. Research J. Mar. 1947 


Test for Carbohydrates 


Qualitative test for carbohydrate 
material. Roman Dreywood. 
Ind. Eng. Chem., Anal. Ed. 18, 
499 (Aug. 1946). 

A solution of anthrone in concen- 

trated sulfuric acid gives a perman- 

ent green coloration with carbohy- 
drate material. The reaction is of 
value as a qualitative test and for 
the preliminary classification of 
synthetic resins into a cellulose or 
noncellulose group. Author 
Text. Research J. Mar. 1947 


Cellulose Esters 


Composition of cellulose esters. 
Charles R. Fordyce, Leo B. Gen- 
ung, and Mary Alice Pile. Ind. 
Eng. Chem., Anal. Ed. 18, 547-50 
(Sept. 1946). 

Methods and details of calculations 

are given for the construction of 

nomographs showing the relation 


Sub- 





between % of esters groups (acetyl, 
etc.) and the number of esters 
groups per anhydroglucose unit for 
a number of mixed esters. 

A. R. Macormac 
Text. Research J. Mar. 1947 


Cellulose Nitrate 


Chain-length measurements on ni- 
trated cellulosic constituents of 
wood. R. L. Mitchell. Ind. 
Eng. Chem. 38, 843-50 (Aug. 
1946). 


Dried wood shavings, 40 yw thick, 
are nitrated with a mixture of 64% 
HNOs, 26% H3PQ,, and 10% P.O; 
for 24 hrs. at 20°C. The nitrated 
lignin is removed by washing with 
cold water, boiling water, alcohol, 
and dried at 50°C. The result is a 
pure nitrocellulose which has been 
very little degraded. This was 
fractionated with mixtures of ethyl 
acetate and ethyl alcohol as an in- 
dication of the distribution of the 
chain length in the original material. 
Substitution of acetic anhydride for 
phosphoric anhydride gave less de- 
gradation but greater difficulty in 
separating the lignin. Sulfuric acid 
substitution gave greater degrada- 
tion. Graphs are presented show- 
ing a decrease in chain length by 
stages from the cellulose pulp to the 
rayon filaments. A method for the 
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bility of the Hagenbach cqua- 
tion is obtained by determin- 
ing the K; and Ke values for 
two and three layers of fabrics, 
(3) The constants K, and 
K, are similar to the slope and 
the intrinsic permeability de- 
scribed previously and can also 
be used to give a more general 
description of air flow for a 
given pressure differential. 





























































































(4) K,and Ky, are two con- ) 
stants of a fabric which can — — 
be determined experimentally, 
whose exact relationship to 
the number, length, and radius L 
of the openings in the fabric 
is yet to be determined. 

Edg 
; : Ap ; : : al 
Fic. 5 (right). F, plotted against F, for one layer of plain- 7 
weave rayon (A), two layers (B), and three layers (C.) 1! 
A Ne 
shorter, they can carry fluids at much higher veloci- i 
ties without causing turbulence. Also, as the tubes ‘a 
become shorter, the approach angle of the liquid Le 
from the reservoir is less significant. For very is fe 
short tubes the Reynold’s number can be as high fold 
as 50,000. When turbulence sets in, an apparent sy 
increase in viscosity is observed; hence the plot of Und 
Ap/F, against F, would not be expected to be in a tices 
straight line. heigl 
One difficulty which was present in the empirical brus! 
equation previously offered is eliminated in this use _ 
of the Hagenbach equation in that no maximum of this { 
air flow against pressure differential occurs in the tic. 
real region of the plot, thus the equation should Literature Cited flat 
apply until turbulence sets in. 1. Rainard, L. W., TEXTILE RESEARCH JouRNAL, 16, 0 
Conclusions C-Cm. iaflue 
2. Hagenbach, J. E., in Hatschek, Emil, “Viscosity of ff ih 
(1) The Hagenbach equation, which describes Liquids,” London, Bell (New York, Van Nos § wise, 
the streamlined flow of fluid through tubes with a trand), 1928. tensil 
correction for kinetic energy changes, may be appli- 3. Schiefer, H. F., and Boyland, P. M., J. Research § line o 
cable to the study of air flow through fabrics. Nat. Bur. Standards 28, 637-42 (1942). ba 





(2) An approximate indication of the applica- 4. Couette, M., Ann. chim. phys. (6) 21, 433 (1890). 
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calcium acetate method did not 
have this uncertainty and was 
adopted for oxycelluloses containing 
reducing groups. Condensation of 
the carbonyl, or carbonyl plus 
carboxyl groups, in similar oxycellu- 
loses with methylhydroxylamine hy- 
drochloride solution was studied. 
This reagent differed from the hy- 
droxylamine hydrochloride solution 
previously used in being stable for 
days instead of hours. The con- 
densations 


R,CO + HeNOCH3;-HCL = R.2C 
==NOCH; + H.O + HCL 
RCOOH + H:NOCH;3-HCL 
= RCOOH-H.NOCH; + HCL 


were about 95% complete within 1 
day at 25°C and after this time the 
results checked those obtained by 
the 1.5-hr. hydroxylamine method 
within + 3%. Since the validity 
of the latter method for the deter- 
mination of carbonyl was upheld, 
considerations of cost and rapidity 
made it preferable in cases in which 
prolonged rate studies of the con- 
densation were not required. Stud- 
ies of hypochlorite and chromic 
oxide oxycelluloses using these an- 
alytical methods are reported. 

Text. Research J. Mar. 1947 J. F. Keating 


Pectinic Acids 


Shape and size of pectinic acid 
molecules deduced from visco- 
metric measurements. UH. S. 
Owens, H. Lotzkar, T. H. Schultz, 
and W. D. Maclay. J. Am. 
Chem. Soc. 68, 1628-32 (Aug. 
1946). 


The viscosities of citrus and apple 
pectinic acids with methoxyl con- 
tents from 0.7 to 10.7 were deter- 
mined in 0.1551£ NaCl solution. 
The intrinsic viscosities determined 
graphically from specific viscosities 
and concentrations were found to 
decrease with a rise in temperature 
and to be essentially independent of 
pH or of the methoxyl content. 
Applying Simha’s equation to these 
results the length-to-diameter ratio 
varied from 53:1 to 165:1. Witha 
widt) of 10 A., the length would be 
from 530 to 1,650 A. and the mo- 
lecular weight 23,000 to 71,000. 
Osmotic pressure measurements 
gav. a molecular weight of 18,000 


to 39,000. It is inferred that the 
samples are heterogeneous and the 
pectin molecule has a rigid, rod-like 
structure. A. R. Macormac 
Text. Research J. Mar. 1947 


Chemical Analysis of Proteins 


The contribution of the analytical 
chemist to the problem of protein 
structure. (Second Proctor Me- 
morial Lecture.) A. C. Chibnall. 
J. Inter. Soc. Leather Trades’ 
Chem. 30, 1 (Jan. 1946). 


Analytical chemists, who study pro- 
tein structure by resolving the 
protein into constituent amino acids 
and then try to determine their link- 
age, have recently made much prog- 
ress in analytical methods, especi- 
ally those requiring samples of only 
25 mg. The time required for anal- 
ysis has been reduced from wks. to 
hrs. Recent advances in the fol- 
lowing methods are described in de- 
tail: electrophoresis; ionic exchange, 
particularly for aspartic and glu- 
tamic acids; partition chromatog- 
raphy, especially for monoamino 
monocarboxylic acids; periodate oxi- 
dation, for serine and threonine; 
specific decarboxylases for arginine, 
histidine, lysine, glutamic acid, and 
tyrosine; isotope dilution; microbi- 
ological assay; and _ precipitation” 
methods. Particularly good agree- 
ment is shown between different 
methods for arginine, histidine, and 
lysine. Nearly complete analysis 
of insulin shows it to have a mol. wt. 
of 36,000 to 46,000, and to be an as- 
sociation of 3 or 4submolecules. It 
contains 106 residues, of which 101 
or 102 have been identified, with a 
mean residue weight of 1136. Sang- 
er’s 2:4 — dinitro-fluorobenzene 
method for identifying terminal a- 
amino groups shows the insulin sub- 
molecule to contain 4 chains, 2 with 
terminal glycyl and 2 with phenyl- 
alanyl residues. Similar but less 
complete work on edestin and lacto- 
globulin is discussed. There are 12 
comprehensive tables and 91 refer- 
ences to recent literature. 

Text. Research J. Mar. 1947, R. B. Hobbs 


Textile Testing 


Committee 25 (Textile Industry) of 
the Schweizerischer Verband fiir 


173 


die Materialpriifungen der Tech- 

nik (SVMT). Textil-Rundschau, 

113 (Oct. 1946). 
Tentative standards of SVMT Com- 
mittee 25 will be published in suc- 
cessive issues of Textil-Rundschau 
and will be open to discussion and 
criticism for 1 mo. after the date of 
publication. The letter code for 
these standards is: A, procedures 
and test methods; B, raw materials, 
fibers, products of prespinning oper- 
ations; C, yarn, thread, twine, rope; 
D, woven and knit fabrics, braid, 
felt; £, finished products. The 
first tentative standard to be pub- 
lished in this way is C11 on char- 
acterizing yarns by fiber, fineness, 
and twist. 
Text. Research J. Mar. 1947 


Air in Viscose 


The determination of air in viscose. 
Eduardo Blanchard Castillo. Jon 
6, 306-9 (1946) (through Chem. 
Abstr. 40, 76194 (Nov. 20, 1946)). 


The volume of air bubbles in viscose 
can be determined by 3 methods: 
(1) from the difference in density 
before and after centrifugation, (2) 
by placing the viscose in a special 
tube which has a calibrated capillary 
and collecting the air released on 
centrifuging, and (3) by measuring 
the volume change resulting from 
the application of vacuum and cal- 
culating the volume of the air caus- 
ing this change. The second 
method gives much higher values 
than the third. The third method 
is to be preferred because of its 
convenience. 

Text. Research J. Mar. 1947 


Viscosity of Viscose 


Couette measurements on viscose. 
H.Erbring. Kolloid-Z. 108, 152- 
5 (1944) (through Chem. Abstr. 40, 
7619? (Nov. 20, 1946)). 


Viscosity measurements of viscose 
solutions prepared under standard 
conditions, were made in a modified 
form of the Couette apparatus previ- 
ously described (H. Erbring, S. 
Broese, and H. Bauer, C.A. 38, 
6557°). The divergence from Ha- 
gen-Poiseuille’s law increases with 
increasing concentrations of the 
xanthate. The difference decreased 
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calculation of degree of polymeriza- 
tion is given. A. R. Macormac 
Text. Research J. Mar. 1947 


Starch Ethers 


Mixed allyl ethers of starch. R. M. 
Hamilton and E. Yanovsky. Ind. 
Eng. Chem. 38, 864-6 (Aug. 
1946). 


Mixed ethers of starch were pre- 
pared by preparing an alkyl (ethyl 
to heptyl and lauryl) ether and 
allylation of this compound. The 
alkylation was done in an aqueous 
solution containing the alkyl halide 
and NaQOH, and the allylation in 
methy! ethyl ketone with allyl bro- 
mide and NaOH. These ethers do 
not contain free hydroxyl groups. 
Some are soluble in aliphatic hydro- 
carbons. Solubility relations and 
specific rotations of the mixed ethers 
are given. A. R. Macormac 
Text. Research J. Mar. 1947 


Dye Fastness 


Application of modern colorimetry 
to light-fastness measurements. 
Bent  Buchmann-Olsen. Tids- 
skrift for Textilteknik 4, 159-67 
(Oct. 1946). 


The Breckenridge-Schaub system 
for measuring dye fastness permits 
direct measurement of fading. It 
is compared with the Ostwald and 
I. G. systems. 

Text. Research J. Mar. 1947 


Classification of Direct Dyes 


The dyeing of direct’dyes on cotton. 
D. R. Lemin, E. J. Vickers, and 
T. Vickerstaff. J. Soc. Dyers 
and Colourists 62, 132-50 (May 
1946); Am. Dyestuff Reptr. 35 
402-6, 419-22, 431-9 (Aug. 26, 
Sept. 9, 1946). 


Data are given on a rate-of-dyeing 
figure obtained from laboratory dye- 
ings on direct dyes. Using volume 
ratios of 10:1 and 60:1, as well as 3 
concentrations of glauber salt, the 
percentage exhaustion of 65 direct 
dyes on unmercerized cotton yarn is 
listed. In order to obtain informa- 


tion on the dyeing properties of dye 
mixtures, over 300 binary combina- 
tions were used in dip tests on cotton 


fabric. For comparison of data 71 
combinations were dyed on viscose 
rayon satin in dip tests. From the 
results obtained it is said that the 
compatibility of direct dyes on cellu- 
lose with regard to the rate of dye- 
ing cannot be predicted from indi- 
vidual rate measurements with a 
greater degree of success than 1:2. 
It is suggested that the classification 
of dyes, after Whittaker, into 3 
classes of high leveling power, poor 
leveling power but controllability 
by salt addition, poor leveling power 
and poor controllability by salt addi- 
tion, provides more information for 
dyeing. On the basis of specially 
designed laboratory dyeings 56 di- 
rect dyes are given values of rate of 
migration or leveling power. These 
dyes and others are given values of 
salt controllability as well. A fur- 
ther listing shows a series of direct 
dyes placed in the 3 suggested classes 
for control of dyeing levelness. 
Some discussion is given on the 
limitations of the information to be 
derived from the classification of 
dyes. J. A. Woodruff 
Text. Research J. Mar. 1947 


High-Speed Microtoming 


High-speed microtoming. Mary C. 
Schuster. Jnterchem. Rev. 5, 31- 
41 (Summer, 1946). 


The high-speed microtome described 
is suitable for preparing sections suf- 
ficiently thin to be penetrated by 
electrons and observed with the 
electron microscope. While such 
materials as pigments, fillers, col- 
loids, etc., are amenable to electron- 
microscope study in their natural 
form, plant and animal tissues, 
textiles, plastics, etc., must be sec- 
tioned thinner than 0.4 yp, 0.1 the 
thickness possible by techniques 
used for light microscopy. The ap- 
paratus consists of a knife mounted 
at the periphery of an aluminum 
wheel belt driven by a high-speed 
motor, together with a micrometer- 
feeding mechanism to regulate the 
thickness of sections of the specimen 
as desired. Rotations of 40 to 
50,000 r.p.m. give a knife speed of 
about 610 ft./sec. The sample, 
mounted on a rod, is fed through a 
hole in a safety cover over the 
instrument and sections are either 
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collected on fine wire screens © jated 
with Formvar resin or trans: erred 
to a film-coated slide from « dish 
containing a solvent for the ps «ticu- 
lar embedding medium used.  Suit- 
able sections are selected by scan- 
ning the section-collecting <creen 
microscopically and punching out 
the screen at the location of the de- 
sired section with a punch-roc sub- 
stituted for one of the microscope 
objectives. Procedures for dehy- 
dration of sections are given and 
suitable embedding compounds, in- 
cluding low-melting eutectics, are 
listed. Included among the 10 
electron micrographs illustrating re- 
sults obtained are sections of pig- 
mented rubber, a plastic, and a 
rayon fiber. The technique is ex- 
pected to be useful for locating dyes 
in textiles and paper, etc. 

E. N. Harvey, Jr. 
Text. Research J. Mar. 1947 


Oxycellulose 


Comparative estimations of carboxyl 
and carbonyl groups in chromium 
trioxide and hypochlorous acid 
oxycelluloses and  oxyxylans. 
Boonyium Meesook and C. B. 
Purves. Paper Trade J. 123, 35- 
42 (Oct. 31, 1946). 


The method of estimating carbox- 
ylic acid groups by the displace- 
ment of silver from a solution of 
silver orthonitrophenolate, 


RCOOH + AgO-CsHy- NO» 
= RCOOAg + HO-CsHi- NO:, 


was compared with that depending 
upon the displacement of acetic acid 
from a solution of calcium acetate. 
Acidic, chromium trioxide, and hy- 
pochlorite oxycelluloses and oxy- 
xylans were used in the comparison. 
The former method required about 
3 days, and the latter about 1 day, 
at 25°C for completion, and with 
these times the methods checked 
each other within + 3% for chrom- 
ium trioxide oxycelluloses. Al 
though a sharp end-point in the 
final titration made the silver 0 
nitrophenolate technique greatly to 
be preferred when the number of 
acidic groups was very small, as In 
technical products, the reagent was 
sometimes reduced to metallic silver 
by hypochlorite oxycelluloses. The 
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during the ageing. This is not only 
caused by degradation of the glucose 
chains, but also by the breakdown 
of the ‘“‘supermolecular”’ structure 
of cellulose. The divergence from 
the Hagen-Poiseuille’s law is char- 
acteristic for the different pulps. 
Measurements have been made on 
sulfite pulps from spruce and beech 
and on sulfate pulps from fir and 
straw, all of which were highly 
bleached dissolving pulps. 

Text. Research J. Mar. 1947 


Yarn Standards 


Directions for characterizing yarn 
and thread according to fiber, 
fineness, and twist. Tentative 
standard Cil, SVMT Committee 
25. Textil-Rundschau, 114-7 
(Oct. 1946). 


Text. Research J. Mar. 1947 


Directions for calculating yarn num- 
ber and titer. Tentative stand- 
ards C12, SVMT Committee 25. 
Textil-Rundschau, 141-7 (Nov. 
1946). 


Text. Research J. Mar. 1947 


CHEMICAL AND PHYSICAL 
RESEARCH 


* 


Quaternary Ammonium 
Compounds 


Quaternary ammonium compounds 
as textile auxiliaries. P. N. 
Bhatt, T. N. Mehta, and V. B. 
Thosar. J. Sci. & Ind. Research 
4, 771-4 (1946) (through Chem. 
Abstr. 40, 7636° (Nov. 20, 1946)). 


Alkylpyridinium (JZ) and alkylquino- 
linium (JJ) halides were prepared 
from the alcohols by heating with 
HX, then causing the alkyl halides 
to react with C;H;N and CyH;N. 
The pyridinium bromides prepared 
were heptadecyl, m. 66-7°, cetyl, m. 
61-2°, octadecyl, m. 73°, penta- 
decyl, m. 58-60°, and tridecyl, m. 
54-5°. The pyridinium iodides pre- 
pared were heptadecyl, m. 111-12°, 
pentadecyl, m. 105-6°, tridecyl, m. 
102-3°, and hendecyl, m. 92°. 


Pentadecylpyridinium chloride, m. 





68°. The following quinolinium io- 
dides were prepared heptadecyl, m. 
97°, pentadecyl, m. 89° and tridecyl-, 
m. 85°. Cetylquinolinium bromide 
m. 92° and _ octadecylquinolinium 
bromide m. 106°. The wetting 
power of these compounds was de- 
termined by sinking tests. J and II 
were used in 0.1% solution to deter- 
mine the purity of acid dyes used in 
0.025% solution. The wetting 
power increases as the molecular 
weight increases. The wetting power 
of I is greater than that of the cor- 
responding JJ. The wetting power 
increases with increase in tempera- 
ture. Titration with Oxamine Vio- 
let solution shows that the precipi- 
tation is quantitative and that the 
method could be advantageously 
used for determining the percentage 
purity of an acid dye. 

Text. Research J. Mar. 1947 


Reactions of Animal Fibers 


New reactions of the animal fibers. 
Erich Lehmann. Kolloid-Z. 108, 
6-10 (1944) (through Chem. Abstr. 
40, 7636° (Nov. 20, 1946)). 


Chemical, microscopic, and dyeing 
investigations of animal hairs have 
demonstrated the existence of a 
histological structural unit under the 
scaley layer. By the application of 
HCHO on animal hair, it is possible 
to separate the epidermis membrane 
from the fiber stem. The epidermis 
membrane controls the chemical and 
physical reactions of hair. 

Text. Research J. Mar. 1947 


Carboxymethyl Cellulose 


Some physiochemical properties of 


carboxymethylcellulose. Edwin 
H. Shaw, Jr. Proc. S. Dakota 
Acad. Sci. 25, 57-61 (1945) 


(through Chem. Abstr. 40, 7613° 
(Nov. 20, 1946)). 


A number of physiochemical prop- 
erties were determined on a sampie 
of commercial low-viscosity type 
Na salt of carboxymethylcellulose 
(J). JI contained 4.44% (+ 0.05) 
H.O. The following values are re- 
ported on the oven-dry basis: disso- 
ciation constant 0.00011 (+ 0.00003); 
apparent pK, 3.68; and buffer pH 
range, 3.0—4.5, obtained from titra- 
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tion curves of both J and the free 
acid (IJ) obtained by acidification 
and dialysis of J. Bound H.0 in J, 
5.86 grams per g., and bound H,.Q 
in IJ, 10.22 g. per g., were ceter- 
mined by differential f.p. lowering 
with cane sugar. Molecular weight 
of J, 6400 (+ 1000), was determined 
by osmotic-pressure determinations, 
Viscosity of 1.433% I in physio- 
logical salt solution at 35° was 12 
(+ 1) centipoises. J (6 mg. in 10 
ml. solution) gave precipitations 
with 0.14 solutions of Al, Pb, 
cupric, and mercuric salts. 

Text. Research J. Mar. 1947 


Crystalline and Amorphous 
Cellulose 


Hydrolysis and catalytic oxidation 
of cellulosic materials—Struct- 
ural components of various cellu- 
losic materials. R. F. Nickerson 
and J. A. Habrle. Ind. Eng. 
Chem. 38, 299-301 (Mar. 1946). 


Purified cellulose from various 
sources is separated into amorphous, 
mesomorphous, and crystalline por- 
tions. The amorphous is soluble on 
boiling in 2.5M HCI for 4 min., the 
mesomorphous on boiling in 2.5M 
HCI-0.817 FeCl3 for 1 hr. and 50 
min., followed by 2.514 HCI for 10 
min. Unmercerized cotton con- 
tains 3% amorphous, 4% meso- 
morphous, and 91% crystalline; 
mercerized cotton, 7%, 5%, 84%: 
purified wood pulp, 3%, 4%, 92%: 
high-tenacity rayon, 8%, 14%, and 
73%. A. R. Macormac 
Text. Research J. Mar. 1947 


Celluloses of High Uronic- 
Acid Content 


Cellulosic membranes with high 
uronic-acid content. Simone Le- 
moyne. Bull. assoc. chim. 60, 12- 
52 (1943) (through Chem. Abstr. 
40, 68114 (Nov. 10, 1946)). 


The nature and properties of the 
pith of Helianthus annuus (sun- 
flower) and of other Com~positae 
have been investigated. The meth- 
ods used are described and discussed 
in detail. The uronic acid (/) was 
determined by the method of Le- 
févre and Tollens (C.A. 2, 804) and 
the furfural (IJ) (formed at the 
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same time) by the method of Tollens 
and Kréber. The excess of JJ over 
that corresponding to I gave the 
pentosans. 

Text. Research J. Mar. 1947 


Acetylation of Cellulose 


The perchloric acid catalysis of the 
acetylation of cellulose. Gene- 
vieve Petitpas. Mém. services 
chim. état 31, 178-86 (1944) 
(through Chem. Abstr. 40, 76134 
(Nov. 20, 1946)). 


Cotton linters or ramie (J) (10 g.) 
was heterogeneously acetylated in 
benzene (305 cc.) with Ac.O (83 cc.) 
and HC1O, (JJ) (0.13 g.). The re- 
agents were mixed cold and added to 
the cellulose which was then esteri- 
fied at 2 to 35° for 2 hrs. The most 
rapid and complete reaction occur- 
red at 35°. The cellulose acetate 
(JI), bath, and H.O-washings of 
III were analyzed for JJ. At the 
beginning of acetylation nearly all 
II was found in the wash water, 
none bound to J, and a little in the 
bath. At the end of the acetylation 
nearly all of JJ was in the bath, a 
small amount chemically bound to 
III, and a small amount in the 
washings. These results indicated 
that initially 77 formed an addition 
complex with J; this was slowly 
broken down by the introduction of 
Ac groups and at the same time 
small amounts of perchlorate ester 
groups formed. Theoretically, a 
triacetate would contain no JJ. 

Text. Research J. Mar. 1947 


Reactivity of Cellulose 


Investigations on the reactivity of 
the technical celluloses. I. Be- 
havior of the acetylation, and 
properties of the acetates soluble 
in acetone. Germano Centola 
and Francesco Pancirolli. Chim- 
ica e industria 27, 115-20 (1945) 
(through Chem. Abstr. 40, 76126 
(Nov. 20, 1946)). 


In the manufacture of cellulose 
fibers, filaments may be obtained at 
high speed if the solution is homo- 
geneous; i.e., if (1) the starting 
cellulose material has the least num- 
ber of transverse bonds between the 
macromolecules, and (2) the reac- 
“ons to transform cellulose into a 


soluble material do not cause too 
much deformation of the mass. 
The experiments and the determina- 
tions made on samples of cotton 
linters, bleached cotton, beech, and 
fir pulp (sulfite), and cuprammoni- 
um and viscose rayons showed: (1) 
the analytical data of the ordinary 
density methods of determination 
are not sufficient to determine 
whether or not a given type of 
cellulose is suitable for the prepara- 
tion of acetylcellulose; (2) the 
velocity of penetration of the sol- 
vent into the fiber should not be 
too much lower than the esterifica- 
tion velocity; (3) homogeneous 
Me.CO solutions of the secondary 
acetate (cellite) may be obtained 
only when the partial saponification 
of the triacetate is homogeneous and 
the compound is uniformly dissolved 
in the mass; and (4) the starting 
materials having finished their evo- 
lutive cycle are less uniformly solu- 
ble (having several transverse bonds 
between the macromolecules) and 
give turbid solutions, containing 
acetylated and swollen fibers, not 
perfectly dissolved. II. The re- 
activity of cellulose with sodium 
hydroxide. Jbid. 121-3. The nat- 
ural cellulosic materials examined 
réntgenographically show the photo- 
gram of cellulose-I, while those 
treated with NaOH at 18° show that 
of cellulose-II. However, several 
fibrous materials (ramie, cotton, 
flax, hemp, jute, and sisal) with 
fibers very lignified, show, after the 
mercerization, a photogram of cellu- 
lose-II (but often indistinct); the 
fibers of typha do not show any 
alteration of the natural cellulose 
structure, even after mercerization. 
It is supposed that some cellulose 
fibers give with NaOH only anhy- 
drous addition compounds, which 
may not be dissolved. Long stand- 
ing at a convenient temperature of 
alkali cellulose favorably modifies 
this inconvenient state, as the oxida- 
tion reactions break the molecular 
chains and decrease the viscosity, 
giving a more homogeneous and 
and easily dispersed solution. III. 
The influence of transverse bonds. 
Germano Centola. Jbid. 28, 3-6 
(1946). When cellulose is treated 
with HCHO in the presence of AIC1;, 
every molecule of HCHO reacts 
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with an OH group in each of 2 
molecules of cellulose, and forms a 
transverse bond (methylene bridge) 
between the macromolecules (ef. 
Schaeffer, C.A. 38, 8728). Cotton 
linters, by this reaction, give a 
product of low reactivity and in the 
solution of its xanthate there occur 
the same swollen elementary struct- 
ures as are found in viscose from 
some wood celluloses of slight re- 
activity. The reactivity of the 
technical celluloses is highly depend- 
ent on the presence of transverse 
bonds between the macromolecules. 
Text. Research J. Mar. 1947 


Chemistry of cellulose. A. Mar- 
schalland H.Stauch. Kolloid. Z. 
108, 131-7 (1944) (through Chem. 
Abstr. 40, 76057 (Nov. 20, 1946)). 


M. and S. describe the influence of 
the solvent (J) consisting of an 
80:20 mixture of 85% formic acid 
and ZnCl, on the physical properties 
of cellulose. J dissolves cellulose 
hydrate readily but not native 
cellulose, even when this is severely 
degraded. The higher reactivity 
claimed by Hess, ef al. (C.A. 36, 
55817) for cellulose treated in the 
oscillating mill does not always 
occur. This is especially true in the 
case of acetylation, when cellulose 
treated for a long time in the oscil- 
lating mill remains unacetylated. 
Quantitative data show the effects 
of treating cellulose (from various 
sources) with J on its swelling, 
alkali-solubility, and on the degree 
of polymerization. The change in 
reactivity of cellulosic material after 
treatment with J was investigated 
by xanthating and acetylating the 
treated material. In both cases a 
higher reactivity resulted. This 
was caused partially by the removal 
of the pentosans, but even material 
free from pentosans (such as cotton 
linters) showed an increased re- 
activity. No theoretical explana- 
tion of these phenomena is at- 
tempted. 

Text. Research J. Mar, 1947 


Transverse Bonds in Cellulose 


Transverse bonds between macro- 
molecules of cellulose. Germano 
Centola. Chimica e industria 27, 
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chain carbohydrates are described 
and «re shown to polymerize very 
readi|\’ to give transparent colorless 
resins of the thermosetting type. 
Aceta! derivatives from hexahydric 
alcohols with unsaturated alde- 
hvdes, and a diallyl ester of a sac- 
charic acid derivative have also been 
prepared but none of these under- 
goes polymerization. Authors 
Text. Research J. Mar. 1947 


Starch Nitrates 


Studies on reactions relating to 
carbohydrates and polysacchar- 
ides. LX. Stabilizing action of 
ethanol on starch nitrates. W.R. 
Ashford, L. M. Cooke, and H. 
Hibbert. Can. J. Research 24B, 
238-45 (Sept. 1946). 


Fractionation of starch nitrate by 
extraction with cold ethanol, hot 
ethanol, acetone-ethanol and ether 
is described. The extracted frac- 
tions and the insoluble residue were 
examined for nitrogen content, spe- 
cific viscosity, and stability by the 
Abel test. The residue was also 
subjected to the Bergmann-Junk 
stability test, and was examined for 
ignition, sensitivity to impact, and 
expansion in the Trauzl lead block 
test. It was found that the soluble 
portions had lower nitrogen content 
and viscosity than the original 
material or the extracted residue. 


The most soluble fraction (cold 
ethanol extract) had the same 
stability as the original nitrate, 


stability increasing as solubility de- 
creased, reaching a maximum with 
the residue. It is apparent that 
ethanol extracts material of low 
molecular weight, nitrogen content, 
and stability, and at the same time 
stabilizes the residual material. 

Text. Research J. Mar. 1947, WW. E. Davis 


Studies on reactions relating to 
carbohydrates and polysacchar- 
ides. LXI. Properties of the 
fractionated nitrates of two frac- 
tions of corn starch. W. R. Ash- 
for’, T. H. Evans, and H. Hib- 
bert. Can. J. Research 24B, 246- 
53 (Sept. 1946). 


The vork described in Part LX 
(Can. J. Research 24B, 238-45 (Sept. 
1946) is here supplemented by first 











separating starch into amylose and 
amylopectin by adsorption of the 
amylose on cotton cellulose, then 
nitrating the two fractions sepa- 
rately and studying the properties of 
the nitrates. Amylose nitrate had 
a moderate stability, was soluble in 
ethanol to the extent of 20%, and 
both soluble and insoluble portions 
had much higher stability than the 
original nitrate. Amylopectin ni- 
trate had low stability, was about 
86% soluble in ethanol, and both 
soluble and insoluble portions had 
only moderately greater stability 
than the original nitrate. It would 
appear from this work that the 
material extracted by ethanol from 
whole starch nitrate is mainly amy- 
lopectin nitrate. W. E. Davis 
Text. Research J. Mar. 1947 


Calcium Soap-Oil Systems 


Flow-pressure relations in calcium 
soap-oil systems. \\. Gallay and 
D. E. Puddington. Can. J. Re- 
search 24B, 73-80 (May 1946). 


Flow-pressure relations have been 
determined for suspensions of cal- 
cium soaps in mineral oils of varying 
viscosity and viscosity index. The 
effect of small amounts of reagents 
on the character of these curves is 
very marked. The addition of 
water generally increases the yield 
value of the system without affect- 
ing the mobility, while solvents for 
calcium soaps tend to change the 
mobility without altering the yield 
value. Authors 
Text. Research J. Mar. 1947 


BLEACHING: DYEING: 
FINISHING 


* 
Fiber Damage on Bleaching 


Fiber damage on bleaching. Eugen 
Klenk. Kolloid-Z. 108, 10-16 
(1944) (through Chem. Abstr. 40, 
76434 (Nov. 20, 1946)). 


Methods are outlined for deter- 
mining the extent of damage to wool 
and filament or staple rayon result- 
ing from bleaching with peroxides 
or hypochlorites. The role of Fe, 
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Mn, Cu, and Co as degradation 
catalysts is reviewed. 
Text. Research J. Mar. 1947 


Bleach-House Machinery 


Post-war planning for the bleach- 


house. Batuklal C. Desai. Jn- 
dian Text. J. 66, 627-8 (Apr. 
1946). 


The importance of modernizing and 
replacing old and worn-out equip- 
ment in order to meet competition is 
discussed. In finishing, dyeing, and 
printing, it is suggested that old 
machinery should be replaced by the 
continuous bleaching plant, con- 
tinuous pad dyeing plant, and the 
photographic printing plant. 

R. K. Worner 
Text. Research J. Mar. 1947 


Detergents for Textile Fibers 


Fibers, detergent, dirt. WW. Kling. 
Tek. Tik. 74, 565-72 (1944) 
(through Chem. Abstr. 40, 6852° 
(Nov. 10, 1946)). — 


More recent investigations of the 
fine structure of textile fibers are de- 
scribed, and the molecular structure 
of the most important detergents, 
such as anion-active alkali soaps, 
alkyl sulfates, aliphatic-alcohol sul- 
fonates and various fatty-acid con- 
densation products, their composi- 
tion and solvent properties at 
different concentrations are illus- 
trated; cation-active products were 
found of no importance. Even 
certain nonionic products, especially 
polyethylene glycols, must be con- 
sidered detergents. The latest in- 
vestigations of the reciprocal reac- 
tions between solutions of the 
detergents and the fibers and fat, 
respectively, are described. The 
connection between the changes in 
surface tension and cleansing action 
are explained on the basis of the 
studies and illustrations of Adam. 
The Ce-Es process, which preserves 
best the morphological structure of 
natural fibers, is considered the most 
effective cleansing process for them, 
while the new synthetic detergents, 
such as alkali soaps, are best for 
synthetic fibers, since they prevent 
too much swelling. 

Text. Research J. Mar. 1947 
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1-4 (1945) (through Chem. Abstr. 
40, 76054 (Nov. 20, 1946)). 


The hypotheses on the formation 
and on the structure of cellulose in 
plant cells are discussed. It is sup- 
posed that some rings of the macro- 
molecule of cellulose, by a chemical 
alteration, take part in the forma- 
tion of the lignin molecule. Be- 
tween cellulose macromolecules 
there are formed some bonds (of 
primary valencies) in transverse 
direction with respect to the axis of 
the fibers. This supposition ex- 
plains the different behavior of the 
various types of cellulose; e.g., 
artificial cellulose samples are solu- 
ble in a solution of 20°% ZnCl. in 
85% HCOOH, but the natural cellu- 
lose only swells in this solution. 
From the experiments it appears 
that this difference is due to the 
degree of polymerization; but if it 
is supposed that in the natural 
cellulose the molecules are bound to 
each other in transverse direction, 
then this macromolecule, as a tri- 
dimensional lattice, may produce 
swelling or may be solvated, but it 
is not soluble. 

Text. Research J. Mar. 1947 


Swelling of Cellulose 


The dependence of small-angle 
scattering of x-rays on the me- 
dium used to swell regenerated 


cellulose. O. Kratky and A. 
Wurster. Z. Electrochem. 50, 
249-55 (1944) (through Chem. 


Abstr. 40, 7606° (Nov. 20, 1946)). 


The purpose of the investigation 
was to determine the quantitative 
relationship between the intensity of 
the small-angle diffraction maxima 
of x-rays scattered in _ passing 
through a colloidal solution and the 
difference in the electron density of 
the two phases of the colloidal solu- 
tion. Coarse fibers were prepared 
by precipitation of technical viscose 
in 2N (NH,4)oSOq in which after 
rinsing the water was replaced first 
by alcohol and then by various 
organic solvents miscible with alco- 
hol. The intensity of the x-ray 
scattering (A = 0.71 A.) was meas- 
ured photometrically and_ correc- 


tions were made for fiber thickness, 
exposure time, x-ray absorption, and 





variation in degree of swelling in the 
regenerated cellulose. The intens- 
ity was found to be proportional to 
the third power of the difference in 
electron density. Swelling medi- 
ums containing several halogen 
atoms, CCly4, CHCls, CHBrs, pro- 
duced much lower intensities than 
expected according to the theory. 
14 references. 

Text. Research J. Mar. 1947 


Preparation of Cellulose 
Acetate 


Improved process for the manu- 
facture of cellulose acetate for the 
preparation of cellophane paper 
and raw photographic and cine- 
matographic films. P.K.Choud- 
hury. Science and Culture 11, 
699 (1946) (through Chem. Abstr. 
40, 6811 (Nov. 10, 1946)). 


The author proposes the following 
proportions: cellulose 100 g., glacial 
AcOH 450-500 cc., AcxO 350-400 
cc., concentrated H.SO; 6-8 cc. 
The reaction is carried out in 4 
stages: 15-25°, 25-30°, 30-5°, 35- 
40°; complete reaction occurs in 6-8 
hrs. A CHCl;-soluble primary ace- 
tate is obtained which is hydrolyzed 
by dilute AcOH to an acetone- 
soluble secondary diacetate. 

Text. Research J. Mar, 1947 


Reduction of Dinitrotoluene 


The apparent anomalous mono- 
reduction of 2:4-dinitrotoluene 
explained on the theory of hyper- 
conjugation (The Baker-Nathan 
Effect). H. H. Hodgson. J. 
Soc. Dyers and Colourists 62, 
114-15 (Apr. 1946). 

Hyperconjugation accounts for the 

somewhat greater negativity of the 

4-nitro-group compared with the 2- 

nitro-group in 2:4-dinitrotoluene; 

therefore selective reduction of the 
former by alkaline sulfides produces 
mainly 2-nitro-4-aminotoluene, al- 
though some 4-nitro-2-aminotoluene 
is also formed. In acid medium the 
2-nitro-group becomes relatively 

negative in comparison with the 4- 

nitro-group, owing to the inductive 

(+ 1) effect having the chief role, 

with resultant preferential salt for- 

mation giving the very positive 
and 


-NO:H group at 2-position 
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preferential reduction of it b: acid 
stannous chloride. The ap; irent 
anomaly to the author’s ¢. neral 
theory is thus removed. Author 
Text. Research J. Mar. 1947 


Moisture Relations of Te> tiles 


Relationships between the moisture 
content of textiles and the relative 
atmospheric humidity during ab- 
sorption and desorption. Hys- 
teresis of swelling. H. ‘och. 
Schweiz. Arch. angew. Wiss. Tech, 
12, 176-84 (1946) (through Chem. 
Abstr. 40, 68226 (Nov. 10, 1946)), 


Mathematical relationships are de- 
veloped, methods of calculation are 
shown, and data are given for the 
adsorption and desorption of hy- 
drate cellulose. 

Text. Research J. Mar. 1947 


Permeability of Polymers 


Gas permeability and the micro- 
structure of polymers. 5S. A. 
Reitlinger. Rubber Chem. Tech. 
19, 385-91 (Apr. 1946). 


The dependence of permeability on 
structure was investigated by study- 
ing the permeability, diffusion, and 
sorption of hydrogen in a series of 
polymers chosen to exhibit varia- 
tions in molecular weight, form of 
main-valence chain, and nature of 
side groups, and by measuring 
activation energy of permeability for 
a number of polymers. Both chain 
configuration and the nature of 
intermolecular forces influence per- 
meation, irregular chains and weak 
forces favoring high permeability. 
The activation energies indicate 
that movement of hydrogen takes 
place along those portions of chains 
which interact only feebly (van der 
Waals’ forces) with their neighbors. 
Text. Research J. Mar. 1947 W. E. Davis 


Acrylate-Carbohydrate 
Resins 


Some derivatives of simple carbo- 
hydrates containing unsaturated 
substituents. W. N. Haworth, 
H. Gregory, and L. F. Wiggins. 
J. Chem. Soc. 1946, 488-91 (June 
1946). 

In this paper several acrylates and 

methacrylates of simple 6-curboa 
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FIBERS: YARNS: FABRICS: 
MECHANICAL PROCESSES 


* 
Cantor Lecture 


The manufacture of modern textile 
fibers. Claude Diamond. Silk 
J. Rayon World 23, 36-8, 43 (July 
1946); 35-7 (Aug. 1946); 39-42, 
61 (Sept. 1946). 


Cantor Lecture delivered to the 
Royal Society of Arts, Feb. 18, 1946. 
The subject is discussed under the 
following headings: world consump- 
tion of fibers, principles of fiber 
production, raw materials, fiber 
structure, chain length and fiber 
structure, viscosity and its relation 
to the extrusion process, fractiona- 
tion, regenerated celluloses, cellulose 
acetate, protein fibers, nylon and 
Perlon, Vinyon and PeCe, and glass 
fiber. R. K. Worner 
Text. Research J. Mar. 1947 


Color and Heat Absorption 
of Clothing 


Colors of clothing and heat absorp- 
tion. Waldemar Schweisheimer. 
Indian Text. J. 66, 439-40 (Feb. 
1946). 


The effect of color on the capacity of 
clothing material for reflecting and 
absorbing the sun’s rays is discussed. 
A table is given showing the heat 
absorption of different colors, based 
on white material as 100%. On 
this scale, the heat absorption of 
black is 208. R. K. Worner 
Text. Research J. Mar. 1947 


Raw Cotton Terminology 


What the raw cotton man means. 
Harris P. Smith. Textile World 
96, 224, 226, 228 (Dec. 1946). 


A useful glossary of terms employed 
by cotton breeders, farmers, ginners, 
and buyers not generally under- 
stood by the average mill man. 
Many of the meanings are colloquial. 
The terms are grouped under the 
following headings: parts of the 
cotton plant, seed and lint, delint- 
ing, culture, harvesting, ginning, 
grading and classing, testing and 
manufacture. H. J. Burnham 


Text. Research J. Mar. 1947 


Cotton Yarn Irregularities 


Cotton yarn irregularities and their 
causes. K. G. Lulla. Indian 
Text. J. 66, 445-8 (Feb. 1946). 


The various drafting processes, sub- 
sequent to carding, which are re- 
sponsible for yarn irregularities are 
discussed. A table is reproduced 
giving the roving twists for various 
staple lengths and sizes of roving. 

Text. Research J. Mar. 1947 R. K. Worner 


Drying and Strength 


Influence of conditioning and drying 
on the strength of paper and pulp 
E.  Fridéri. Textil-Rundschau, 
105-12 (Oct. 1946). 


In the exchange of moisture be- 
tween paper fibers and the surround- 
ing atmosphere’ equilibrium is 
reached more rapidly in moisture 
absorption than in giving off moist- 
ure to the air. Breaking strength 
tends to be higher at the adsorption 
equilibrium than at the desorption 
equilibrium. The reverse is true of 
elongation at break and of impact 
strength, which is approximately 
proportional to the product of break- 
ing strength and elongation at break. 
The influence on elongation is con- 
siderably greater than the influence 
on breaking strength. Hardening 
of cellulose by high-temperature 
drying is noticeable both in de- 
creased moisture-absorption  ca- 
pacity and in decreased breaking 
strength after drying at 90°C as 
compared with the same product 
dried at 30°C. 

Text. Research J. Mar. 1947 


Fibers 


Development trends in artificial 
fibers. J. Weibel. Textil-Rund- 
schau, 158 (Nov. 1946). 


Since no one fiber can serve all pur- 
poses, industry must always have 
many fibers available. For viscose, 
a major development trend is to- 
ward higher wet strength. For 
acetate, a major trend is toward dry 
spinning, and the competition with 
nylon for strength and other proper- 
ties is particularly keen. Nations 
with abundant cheap cellulose tend 
to produce cellulosic rayons, while 
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nations with cheap power and a 
well-developed chemical industry 
tend toward the synthetics. 

Text. Research J. Mar. 1947 


Identification of Fibers 
and Finishes 


Identification and removal of fibers, 
fabrics, and finishes from cotton 
rags. D. H. Powers. Paper 
Mill News 69, No. 29, 10, 12 
(1946) (through Chem. Abstr. 40, 
7619! (Nov. 20, 1946)). 


The various types of thermoplastic 
fibers, ‘‘fused” fabrics, and syn- 
thetic resin finishes which should be 
removed from rags to be used for 
papermaking are discussed. Refer- 
ences are given to recent work on 
the identification of such materials. 
Text. Research J. Mar. 1947 


Glass Fabrics 


Glass with combination fabrics. 
A. G. Arend. Fibres, Fabrics & 
Cordage 13, 330, 337, 371 (1946) 
(through Chem. Abstr. 40, 76408 
(Nov. 20, 1946)). 


Production and characteristics of 
the fabrics are discussed. 
Text. Research J. Mar. 1947 


Overcoating Fabrics 


Women’s woolen overcoating cloths. 
Anon. Dyer 96, 110-12 (Aug. 
2, 1946). 


The scouring, milling, and finishing 
operations on this type cloth are re- 
viewed. J. A. Woodruff 
Text. Research J. Mar. 1947 


Fiber Webs for Laminates 


Unwoven cotton webs for plastic 
laminations. Anon. Textile 
Age 10, 66, 70, 74, 76 (Nov. 
1946). 


The manufacture of plastic lami- 
nates on a pilot-plant scale using 
draw-frame webs as filler is de- 
scribed. The operations of draft- 
ing the cotton fibers to produce fiber 
orientation, impregnating with 
resin, drying, and curing are con- 
tinuous. The drawn web _ passes 
through the resin bath between a 
pair of horizontal rolls and through 








Absorption of Dyes 


Dye absorption by textiles. A. J. 
Hall. Rayon Text. Mo. 27, 493-7 
(Sept. 1946). 


The effect on dye absorption of 
variations in the physical and 
physical-chemical state of fibers is 
reviewed in this first of a series of 3 
papers. J. F. Keating 
Text. Research J. Mar. 1947 


Acetate Dyeing 


Progress in rayons and rayon proc- 
essing. Anon. Silk and Rayon 
20, 1040-4 (Sept. 1946). 


A brief discussion is given of the 
following subjects: (1) new, rapid 
method of dyeing acetate rayon 
(B.P. 576,927) and (2) plasticizing 
and softening substances for acetate 
rayon (B.P. 573,909). 
Text. Research J. Mar. 1947 3, F. Keating 


Cake Dyeing 


The application of vat dyes to 
viscose rayon. II. Cake dyeing. 
A. B. Cox. J. Soc. Dyers and 
Colourists 62, 44—6 (Feb. 1946). 


Trials on the dyeing of viscose rayon 
cakes by exhaustion of the vat pig- 
ment on the cakes prior to reduction 
are said to show improved results 
over the usual nonexhausted pig- 
ment method as well as the reduced 
vat application method. Vat dyes 
suitable for application are listed. 
Formulas and procedures of the 
improved method are given. 

J. A. Woodruff 


Text. Research J. Mar. 1947 


Nylon Dyeing Experiments 


Some experiments in the dyeing of 
nylon yarn. J. Boulton. J. Soc. 
Dyers and Colourists 62, 65-84 
(Mar. 1946). 


A comprehensive series of experi- 
mental dyeings of nylon yarn with 
direct dyes is described. The ef- 
fects of pH variation, of changes in 
temperature, and of the presence of 
neutral salts in the dye bath are 
shown. The results of these trials 
and others in acid binding capacity 
as well as the existence of dichroism 
phenomena suggest that the union 
of nylon with dye may result from 


the formation of a salt link as with 
wool and/or the exertion of residual 
valency forces as with cellulose. 
The fastness to washing and to light 
of nylon yarn dyed with acid, direct, 
acetate, vat, and chrome dyes is 
compared with the fastness shown 
by dyeings on viscose and acetate 
rayon as well as on wool. Fluidity 
measurements are used to estimate 
the degradation on exposure of nylon 
yarn dyed with direct and with vat 
dyes. The influence of oxygen upon 
the fading of the dyes and upon the 
degradation of the yarn is shown. 

J. A. Woodruff 
Text. Research J. Mar. 1947 


Ageing of Prints 


“Off-shades” in textile printing. 
Anon. Text. Recorder 64, 48-9, 
60 (Sept. 1946). 

The steam 

discussed. 

Text. Research J. Mar. 1947 


of prints is 
J. F. Keating 


ageing 


Vat Printing 


Vat printing. R. C. Geering. 
Rayon Text. Mo. 27, 553-7 (Oct. 
1946). 


A general discussion is given of 
roller and screen printing with vat 
colors. J. F. Keating 
Text. Research J. Mar. 1947 


Black Shades on Rayon 


The all-important question of good 
black shades. Anon. Silk and 
Rayon 20, 1246-8 (Oct. 1946). 


Methods-are discussed for producing 
good black dyeings on acetate and 
viscose mixtures. J. F. Keating 
Text. Research J. Mar. 1947 


Rayon Dyeing and Finishing 


Process in dyeing and finishing of 
rayon. Anon. Silk J. Rayon 
World 22, 35-7, 41 (Mar. 1946). 


A review with literature and patent 
references. R. K. Worner 
Text. Research J. Mar. 1947 


Vat Dyes 


The application of vat dyes to 


viscose rayon. I. Hank dyeing. 


TEXTILE RESEARCH Journat 


S. Burgess. J. Soc. Dyer: and 
Colourists 62, 41-4 (Feb. 19.6), 
Considerable data are given ©. the 
classification of strong and weak 
alkali vat dyes by the use of the 
strike test. The sulfuric acid esters 
of leuco vat dyes are also classified, 
Further practical information js 
found on the choice of these dyes 
with respect to compatability, fast- 
ness, and cost. J. A. Woodruff 

Text. Research J. Mar. 1947 


























Fiber Bonding 


Use of plastics to strengthen tex- 
tiles. Harley Y. Jennings. Tex- 
tile Bulletin 71, 36, 38, 70 (Dec. 
15, 1946). 

A general discussion of the applica- 

tion of plastics to slivers, rovings, 

yarns, and woven fabric, emphasiz- 
ing the ‘‘fiber-bonded’’ treatment 
developed by Dan River Mills. 

Machines have been developed 

which apply the plastics to the yarn 

or roving, stretch it to parallelize 
the fibers, and then cure the thin 
plastic film surrounding the fibers, 
all in a continuous operation. Syn- 
thetic resin may be varied to impart 
desired characteristics to the yarn, 
and glazes and finishes may be 
given the yarns in the same opera- 
tion. Application of moisture-re- 
sistant finishes and of mildewproof 
and fire-resistant finishes are possi- 
ble in conjunction with fiber bond- 
ing. Because of increased strength 
resulting from fiber bonding, the 
possibility of utilizing low-grade 
cotton heretofore unsuitable for 
strong yarns is suggested. A pic- 
ture of a fiber-bonding machine and 
description of its action are given. 

H. J. Burnham 
Text. Research J. Mar. 1947 


Textile Finishing 


Durability sought by textile finishes. 
R. A. Pingree. Textile World 96, 
108-211, 215 (Dec. 1946). 


A discussion of new developments 
in the finishing industry including 
shrinkage control, fire-, mildew-, 
and waterproofing, rayon luster, 
softening agents, and the durability 
of various treatments. 

H. J. Burnham 
Text. Research J. Mar. 1947 
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a pair of vertical squeeze rolls, the 
tightness of which regulates the 
amount of resin picked up by the 
web. Tests show that fiber length 
and orientation have a definite in- 
fluence on the strength of web-base 
laminates. They are said to be as 
good or better than fabric-based 
laminates and to be considerably 
cheaper. H. J. Burnham 
Text. Research J. Mar. 1947 


Staple Nylon 


Many new fabrics possible with 
nylon staple fiber. L. L. Larson, 
Am. Wool and Cotton Reptr. 60, 
13 (Dec. 5, 1946). 

An address outlining future possibil- 

ities of fabrics made from staple 

nylon. Strength, abrasion resist- 
ance, dimensional stability in wash- 
ing, elastic recovery, quick drying, 
ease of washing and ironing, and 
high wet strength are enumerated 
as properties in which nylon excels. 

Limited commercial production is 

expected early in 1947. 

H. J. Burnham 

Text. Research J. Mar. 1947 


Ramie 


Ramie: a possible source of bast 
fiber. | J. F.O’Kelly. Mississippi 
Agr. Expt. Sta. Inform. Sheet 350, 


1 pp. (1945) (through Chem. 
Abstr. 40, 6821! (Nov. 10, 1946)). 
General. 


Text. Research J. Mar. 1947 


Ramie and Alginate Rayon 


Textile fibers from seaweed and 
ramie grass. C. S. Jones. Jn- 
dian Text. J. 66, 741-6 (May 
1946). 

A review, with special reference to 

production, properties, and uses. 

R. Kk. Worner 

Text. Research J. Mar. 1947 


Staple Rayon in Woolens 


Staple fiber in the woolen industry. 
P. G. Levinskii. Tekstil. Prom. 
6, No. 7/8, 12-14 (1946) (through 
Chem. Abstr. 40, 76398 (Nov. 20, 
1946)). 

The use of staple fiber in woolen 
fabrics, the weaving, dyeing, and 








finishing of such mixed fabrics is 
discussed. 
Text. Research J. Mar. 1947 


Terry Toweling 


Even the simple terry towel requires 
considerable calculation. T.Har- 
greaves. Textile World 96, 143, 
145, 147, 222 (Dec. 1946). 

Calculations necessary for the weav- 

ing of terry towels and examples of 

the use of these calculations are 
given. Weight calculations of cloth 
and yarns, loom setup, and the 
making up of the dobby chain are 
explained. H. J. Burnham 
Text. Research J. Mar. 1947 


Velon 


The manufacture of velon mono- 
filaments. George P. Rowland, 
Jr. Rayon Text. Mo. 27, 540-2 
(Oct. 1946). 

Molten’ vinylidene  chloride-vinyl 

chloride copolymer, mixed with a 

plasticizer and a stabilizer, is ex- 

truded into a water bath. Maxi- 
mum orientation is produced by 
stretching 450%. The fiber is inert 
to concentrated acids and alkalies, 
but is attacked by ammonium hy- 
droxide and strong basic amines. 

Velon is nonabsorptive and cannot 

be dyed, nor will it stain. The fiber 

is nonflammable. J. F. Keating 

Text. Research J. Mar. 1947 


Warp Knitting 


The flying-needle frame. Walter 
Clark. Textile Bulletin 71, 38 
(Nov. 15, 1946). 

A report on a warp knitting machine 

developed and manufactured by 

F.N.F., Ltd., of England which has 

an operating speed of 1,000 to 1,400 

courses per min. The flying-nee- 

dle frame is a 28-gage, 84-in., 2-bar 
machine with a revolutionary type 
of needle of tubular construction 
with a tongue, also tubular, operat- 
ing within the needle. Cams have 
been eliminated entirely from the 
driving mechanism. Advantages 
claimed are accurate yarn tension 
control, the use of beams instead of 
section beams, dropper-type stop 
motion, controlled expansion of bars 
requiring less temperature control, 
ease of maintenance, and high qual- 
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ity as well as the extremely high 
speed. H. J. Buriham 
Text. Research J. Mar. 1947 


O. T. S. REPORTS’ 
* 
Cordage Industry 


Cordage industry. (BIOS Final 
Rept. 613, Item 22, 31.) D.R, 
Frostandothers. PB 49220, n.d.: 
79 pp.; microfilm, $2.00—photo- 
stat, $6.00 (through Bib. Sci, 
and Ind. Reports 4, 22 (Jan. 3, 
1947)). 

Individual reports on 15 firms in the 

British zone, including one machin- 

ery manufacturer, and 6 in the Amer- 

ican and French zones. A list of 
other German spinners of yarns for 
binder twine and rope is given with 
annotations. The report states that 
in the preparation and spinning of 
yarns (with the exception of 4 lea 
sisal) Germany is a long way behind 

British manufacture. This is at- 

tributed to (1) restrictions on im- 

ports of sisal and Manila owing to 

currency restrictions and to fact that 
in 1938 the Government banned the 
use of sisal for packing cords and 
tried to abolish the production of 
binder twine. Also Germany has 
had no sisal during the war and very 
little Manila. (2) The German 
cordage industry is not backed by 
first-class machine makers as in the 

United Kingdom. The machinery 

made by Seydel Beckman and 

Liebscher is not only inferior in de- 

sign but a poor quality of metal is 

used. (3) German spinners were 
able to purchase very few British 
machines, and hence were unable to 
take advantage of great development 
in preparing and spinning machinery 
in the years 1928-1939. The rope- 
making industry is small compared 
to that of the U. K. and completely 
out-of-date although one or two firms 
have introduced ‘electric travel- 
lers.”” Some figures are given for 
prewar outputs of sisal binder twine, 








* Copies of these reports may be 
obtained from the Office of Technical 
Services, Department of Commerce, 
Washington 25, D. C. Orders should 
be accompanied by check or money order 
payable to the Treasurer of the ‘ nited 
States. 
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Maniia ropes, and trawl twine; also 
present position and approximate 
stock of raw material in the British 
zone as of Feb., 1946. Appendices 
contain diagrams of a system of 
hatch application, hemp softener, 
teaser, Machine for spinning and 
spooling paper yarn in one opera- 
tion, and square rope-stretching ma- 
chine. 

Text. Research J. Mar. 1947 











Furnishing Fabric Industry 





German furnishing fabric industry. 
(BIOS Final Rept. 652, Item 22.) 
W. T. Marshall and others. PB 
49274, Sept. 1946; 58 pp.; micro- 
film, $2.00—photostat, $4.00 
(through Bib. Sci. and Ind. Re- 
ports 4, 23 (Jan. 3, 1947)) 


This report deals with the position 
of the furnishing textile industry in 
the British and American zones of 
Germany and discusses the manu- 
facture of woven fabrics of various 
kinds and fabric printing. Follow- 
ing a general report, individual re- 
ports are made on one firm which 
before the war made looms (Jean 
Gisken), on I. G. Dyes, Experi- 
mental Printing Department, 
Hochst, and on 30 firms now or 
formerly engaged in weaving, dye- 
ing, and finishing furnishing textiles. 
The majority of the German fur- 
nishing-textile mills visited had 
suffered from bombing and a good 
many had been totally destroyed. 
During the war furnishing fabric 
looms (pile fabric and tapestry) had 
been used to weave camouflage, duck, 
paper, and glass cloths and even 
now pile-fabric looms are being used 
to manufacture blankets, paper 
cloth, and curtain cloths, although 
afew tapestry firms are still weaving 
good-quality spun rayon figured fab- 
ric. Practically the only pile fabric 
being woven was a simple 2-frame 
wireloom clothin spun rayon. The 
necessity of employing spun rayon 
has caused certain German firms to 
use this fiber spun on the silk and 
linen as well as on the cotton and 
worsted systems and they had also 
mercerized it with pleasing results. 
Machinery was old and there have 
been no developments in machinery 
duriny the war years. Just prior to 
the war a wire loom by Giisken (run- 










































ning at 80 picks a minute) in which 
2 wires were inserted simultaneously 
from one side was being developed. 
The only other development was 
the automatic double-shuttle loom 
under experiment by Grimes. No 
matter how old and obsolete were 
the winding, warping, and spooling 
machines, there were generally in- 
stalled a few automatic spooling 
spindles. The dyeing and finishing 
departments were, in general, more 
modern than the weaving and pre- 
paratory sections. ‘“‘Obermaier”’ 
cheese-dyeing and ‘‘Tingo” hank- 
dyeing machines were used, while in 
the piece-dyeing sections stainless 
steel or rubber-lined ‘‘becks’’ were 
almost exclusively in use. Skilled 
labor is cheap and plentiful. In 
printing the Germans have changed 
over from the chlorine to the oxygen 
bleach. Drying is carried out in 
hot-air chambers on the spiral carry- 
ing system. The general outlook is 
that screen printing is going to re- 
place block printing. With respect 
to steaming, they have shown great 
interest in the spiral type of Ager. 
Dyes employed were generally of 
the best type but designs were third- 
rate and did not compare favorably 
with the British. 

Text. Research J. Mar. 1947 


Insulation Factors 


Effective insulation of Army Air 
Force clothing. (AAF AMC 
Eng. Div. Memo. Rept. EXP 
M-49-695-3.) A. P. Gagge. PB 
46560, July 1942; 21 pp.; micro- 
film, $1.00—photostat, $2.00 
(through Bib. Sci. and Ind. 
Reports 4, 22 (Jan. 3, 1947)). 


This report presents ‘“‘The measure- 
ment of effective insulation on the 
human subject of current types of 
Air Force flying clothing’”’ submitted 
on June 15, 1942, by the John B. 
Pierce Laboratory of Hygiene, New 
Haven, Conn., prepared by Dr. C. 
E. A. Winslow and Dr. L. P. Her- 
rington. The four types of Army 
flying clothing assemblies studied 
were: (a) summer, (b) winter, (c) 
Alaskan, and (d) electrically heated. 
The temperature range covered in 
the experiments was 45° to — 9°F. 
Temperature ranges over which 
clothing assemblies with various de- 
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grees of insulation are effective are 
presented in the conclusions. A 
flying-clothing assembly is consid- 
ered effective only as long as the 
skin temperature in any area does 
not fall below its tolerable limit. 
For the trunk and areas of the ex- 
tremities proximal to the body the 
limiting temperature for comfort is 
approximately 90°F and for toler- 
ance to cold is approximately 80°F. 
For the extremities such as the 
hands and feet limiting temperature 
for comfort is 65°F, and for toler- 
ance to cold, 40°F. Factors affect- 
ing skin temperature are: circulation 
of the blood; skin contour, i.e., the 
relation of the cooling area to en- 
closed volume; insulation of the 
ambient clothing; and environmen- 
tal conditions outside the clothing, 
such as air movement and tempera- 
ture. For both the winter and 
Alaskan flying assemblies the cool- 
ing of the extremities such as the 
hands and feet is the more important 
limiting factor at moderately cold 
temperatures such as + 15°F, 
whereas the cooling ‘of the trunk 
areas is a slightly more important 
factor at extreme cold temperatures 
such as — 30°F, in determining the 
period of tactical efficiency. 

Text. Research J. Mar. 1947 


Textile Testing 


Textile testing in Germany. Her- 


bert F. Schieffer and _ others. 
(Also published in A.S.7.M. 
Bull., Jan. 1947; 50¢. Order 


from the Society, 1916 Race St., 
Philadelphia 3, Pa.) PB 47712, 
n.d.; 41 pp.; microfilm, $1.00— 
photostat, $3.00 (through Bib. 
Sct. and Ind. Reports 4, 233 (Jan. 
17, 1947)). 
This report highlights key items in 
the field of textile testing. A com- 
prehensive report of the findings is 
being prepared and will be published. 
Text. Research J. Mar. 1947 


Worsted Spinning Industry 


The worsted spinning industry in the 
British and U. S. zones of Ger- 


many. (BIOS Final Rept. 627, 
Item 22, 31.) E. Bates and 
others. PB 49277, Apr.—_May 
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1946; 76 pp.; microfilm, $2.00— 
photostat, $6.00 (through Bzb. 
Sct. and Ind. Reports 4, 22 (Jan. 
3, 1947)). 


This report is in two parts. Part I 
is a general report on raw materials 
and products, buildings, machinery 
(drawing, spinning, draft, spindle 
speeds and twist, mule spinning, 
twisting, winding and ancillary pro- 
cesses, drives, humidification, and 
work laboratories), training of per- 
sonnel, wages, labor and welfare, 
and war damage. Part II consists 
of individual reports on the follow- 
ing firms: Augsburger Kammgarn- 
spinnerei, Augsburg; Merkel & Kien- 
lin, Esslingen; Lehrspinnerei, Den- 
kendorf; Schachenmayr, Mann & 
Cie, Salach; Kammgarnspinnerei, 
Diisseldorf, at Diisseldorf and Miin- 
chen-Gladbach branch; Johann 
Wulfing & Sohn, Lennep; Hardt, 
Pocorny & Cie, Dahlhausen; Johann 
Wilhelm Scheidt, Kettwig; Tittel & 
Kruger, Bahrenfeld, Hamburg; 
Norddeutsche Woll-Kammgarn- 
spinnerei, Delmenhorst; and Hugo 
Schaffeld, Peine. At every mill 
visited there was a great shortage of 
raw materials. Mixtures of rayon 
staple and wool were in general use, 
the blend usually consisting of about 
50% local-grown wool blended with 
Cuprama, the latter being generally 
considered to be the most suitable 
type of German-produced rayon 
staple for blending with wool. In 
some cases blends of flax, wool, and 
rayon staple were also noted. All 
the firms preferred to use 100% 
wool, as use of flax, substitutes, and 
some of the rayon staple at present 
available lowered production. De- 
spite reduced speeds, special ar- 
rangements for applying oil emul- 
sion, etc., the spins were often un- 
satisfactory. In normal times the 
yarns produced varied from rug 
wools to 1/80m/m but range at 
present depends on raw material 
and machinery available, 1/40m/m 
being the finest count. At Den- 
kendorf an interesting waste collec- 
tion and anti-marriage system has 
been evolved and the rayon-tow- 
cutting machine, although still in an 
experimental stage, was of special 
interest. Drawings of machinery 
illustrate the reports. 

Text. Research J. Mar. 1947 


MISCELLANEOUS 
* 
Air Conditioning 


Walter 
78 


Psychrometric chart study. 
T. Barr. Cotton 110, 75, 
(Sept. 1946). 


A simple explanation of the use of 
psychrometric charts in the study 
of air-conditioning problems. Ex- 
amples are given and a condensed 
chart is included with instructions 
for its use. H. J. Burnham 


Text. Research J. Mar. 1947 


Chemical Literature 


Wartime scientific periodicals. E. 
J. Crane. J. Chem. Education 
23, 482-4 (Oct. 1946) (through 
Bull. Inst. Paper Chem. 17, 166 
(Dec. 1946)). 


The author reviews by country the 
publication of chemical literature 
during the war and at present. He 
gives a resume of ways in which such 
material was brought to this coun- 
try, including the program of the 
Alien Property Custodian of repro- 
ducing by offset printing copies of 
some important European periodi- 
cals. This latter work, applied only 
to German publications, is now be- 
ing carried on by J. W. Edwards of 
Ann Arbor. 


Text. Research J. Mar. 1947 


Foreign technical publications. 
Florence Harder. J. Chem. Ed- 
ucation 23, 489-94 (Oct. 1946) 
(through Bull. Inst. Paper Chem. 
17, 166 (Dec. 1946)). 


This discussion deals with the types 
of publications issued by govern- 
ments other than the United States 
that are of interest to the chemical 
industry; methods of indexing these 
publications; methods by which, or 
places where, these publications 
may be obtained or consulted; and 
publications and agencies that pro- 
vide trade and market information 
of value to the chemical industry. 
Included is a list of selected publica- 
tions of national governments of 
interest in chemical research. 


Text. Research J. Mar. 1947 


TEXTILE RESEARCH JovRnar 


Searching the Russian te:hnica| 
literature. J. G. Tolpn. J. 
Chem. Education 23, 485-9 (Oct, 
1946); cf. BI.P.C. 14, 346; 16, 
412 (through Bull. Inst. Paper 
Chem. 17, 167 (Dec. 1946)). 


As one of the outcomes of World 
War II, Russian science has more 
significance for this country than 
ever before. It is now apparent to 
everyone concerned that there are 
inadequate sources of information 
about it. This paper is therefore 
a timely one, presenting as it does a 
discussion of the present state of 
Russian scientific literature, especi- 
ally the chemical literature, of cer- 
tain trends in its development, and 
of some methods suitable for finding 
in this literature as much informa- 
tion as is possible under the prevail- 
ing conditions. 17 references. 
Text. Research J. Mar. 1947 


Color Blindness 


A screening test for defective red- 
green vision. LeGrand _ H. 
Hardy, Gertrude Rand, and M. 
Catherine Rittler. J. Opt. Soc. 
Am. 36, 610-14 (1946). 


This paper follows a series of critical 
evaluations of tests for screening 
color blindness already published 
by the authors. Since it may be 
years before better tests are ready, 
the authors have selected for a 
screening test 18 out of 46 plates of 
the American Optical Company's 
‘“‘Pseudo-Isochromatic Plates for 
Testing Color Perception,” which 
was published for the military serv- 
ices in 1940 and is now widely 
available. While the authors be- 
lieve that the AO test is inadequate, 
use of these 18 plates, under recom- 
mended conditions of illuminating 
and viewing, is thought to be ade- 
quate for screening out those with 
even minor degrees of defective red- 
green vision from those whose color 
vision is within normal limits. The 
plates selected are Nos. 3, 4, 5, 6, 8, 
9, 12, 13, 16, 17, 19, 20, 21, 23, 27, 
29, 41, and 42. The authors em- 
phasize the critical importance of 
illumination; natural daylight alone 
will not suffice. The paper includes 


a copy of the instruction sheet pre- 
pared for those who may wish to 
utilize this 18-plate selection of the 
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AO test. Results for 365 normal 
and 150 defective observers are re- 
ported, all tested under standard 
conditions. The test plates were 
observed on the rack of a Macbeth 
Easel Lamp (designed for similar 
tests), at 45 foot-candles illumina- 
tion directed on the plates at 45°. 
The viewing angle was approxi- 
mately 90°, and the test distance 30 
in. Dorothy Nickerson 
Text. Research J. Mar. 1947 


Machine-Picked Cotton 


Spinning qualities found in me- 
chanically harvested cotton. 
William J. Martin. Cotton 110, 
73, 75 (Dec. 1946). 


Results of tests in mechanical cotton 
picking and on the cotton harvested 
this way. Flame cultivation ap- 
pears to give higher grades because 
of reduction of quantity of grass 
and weeds normally gathered by the 
picker. Dusting with calcium cyan- 
amide during harvesting season to 
cause leaf shedding reduces the 
amount of extraneous material in 
seed cotton. Machine picking is 
said to hold weather damage to a 
minimum because it permits timely 
harvesting during fair weather. In- 
dications are that harvesting in this 
manner will produce better fiber 
quality, significantly higher spin- 
ning value and improved milling 
quality of cotton seed. Quality is 
said to vary less in machine-picked 
than in hand-picked cotton. Com- 
parative tests show increased yarn 
strength. Immature locks are not 
picked. 6 references. 

H. J. Burnham 
Text. Research J. Mar. 1947 


Cotton Testing 


Selecting raw cotton by test. Fran- 
cis. Gerdes. Cotton 110, 63, 64, 
110 (Sept. 1946). 


An article describing testing offered 
on a fee basis under the Cotton 
Fiber and Spinning Testing Service 
Act by the Cotton Branch, U. S. 
Dept. of Agriculture at Stoneville, 
Miss., Clemson, S.C., College Sta- 


tion, Tex., and Washington, D.C. 
It is said that by supplementing 
grade and staple-length classifica- 





tions with data on fiber strength, 
length uniformity, and fiber fine- 
ness, the spinning value of cotton 
can be predicted with a relatively 
high degree of accuracy. 

H. J. Burnham 
Text. Research J. Mar. 1947 


Correlation of Fiber and 
Yarn Properties 


New England cotton men warned 
on competition from synthetics. 
Anon. Textile Age 10, 78, 82-5 
(Nov. 1946). 

A report of the annual convention 

of the National Association of Cot- 

ton Manufacturers, at which John 

W. Wright described some of the 

testing results by the Cotton 

Branch, U. S. Dept. of Agriculture. 

Following are yarn qualities and 

factors which influence them listed 

in decreasing order of importance: 
yarn strength—fiber strength, fiber 
length, fiber-length uniformity, fiber 
fineness, grade, and fiber maturity; 
yarn appearance—fiber-length uni- 
formity, grade, and staple length; 
tire-cord strength—fiber strength, 
fiber-length uniformity,  classer’s 
grade, and fiber fineness; tire-cord 
elongation—fiber strength and fine- 
ness; manufaturing waste—grade, 
and uniformity of fiber fineness; 
bleaching and dyeing—fiber ma- 
turity and grade. H. J. Burnham 
Text. Research J. Mar. 1947 


Libraries 


The planning and equipment of 
libraries in research organiza- 
tions and industrial concerns. 
B. Fullman. J. Documentation 
(Aslib) 2, 68-75 (Sept. 1946) 
(through Bull. Inst. Paper Chem. 
17, 175 (Dec. 1946)). 

This paper concerns libraries in an 

establishment where laboratory 

work or some field of work of a prac- 
tical nature is carriedon. The loca- 
tion of the library in relation to 
accessibility, noise, laboratory 
fumes, and risk of flooding from la- 
boratories is discussed, as is the 
general layout, under which the 
author includes space, lighting, re- 
duction of physical work in taking 
out and replacing material, places 
for librarians and readers, and 
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equipment. Flexibility is empha- 
sized, permitting necessary changes 
to meet new situations with a mini- 
mum of inconvenience. 

Text. Research J. Mar. 1947 


The technical library of tomorrow. 
Norman C. Hill. J. Chem. Ed- 
ucation 23, 474-7 (Oct. 1946) 
(through Bull. Inst. Paper Chem. 
17, 175 (Dec. 1946)). 


The author briefly reviews the tech- 
nical library as it is often found to- 
day and asit will be tomorrow. He 
suggests that the first thing to do is 
probably to secure a_ properly 
trained librarian. Use of micro- 
cards and the ‘‘Memex,”’ a unit for 
holding a library collection, labora- 
tory files, correspondence and other 
papers, all micrographed, will solve 
the problem of expansion. Greater 
efficiency will be achieved through a 
cost-basis plan of operation. These 
and other improvements will help 
the technical librarian give better 
service to the library’s users. 

Text. Research J. Mar. 1947 


Punched-Card System 


Punch-card techniques and applica- 
tions. Robert S. Casey, C. F. 
Bailey, and Gerald J. Cox. J. 
Chem. Education 23, 495-9 (Oct. 
1946) (through Bull. Inst. Paper 
Chem. 17, 196 (Dec. 1946)). 


The authors explain the techniques 
and discuss the applications of 
punch cards, a useful, versatile de- 
vice designed to simplify the keep- 
ing of data. Their practicality has 
been demonstrated by the armed 
forces, which used more than 10,- 
000,000 for personnel classification 
during the war. 15 references. 

Text. Research J. Mar. 1947 


Rayon Pulp 


Wood as a raw material for making 
paper and artificial fibers. Hans 
Bucher. Textil-Rundschau, 16- 
20 (July 1946). 

The cellular and fibrous structures 

of several pulp woods, and some 

effects of digestion conditions on 
morphology of the fiber, are illus- 
trated. When rayon pulps are dis- 
solved for preparation of spinning 
baths, the fibrillar structure disap- 
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pears, which explains why rayon 
rags cannot be used for paper mak- 
ing. 27 photomicrographs. 

Text. Research J. Mar. 1947 


Velon 


The use of Velon monofilaments. 
George P. Rowland, Jr. Cotton 
110, 184, 186 (Oct. 1946). 


The manufacture, use, and proper- 
ties of Velon filament are described. 
Insect screening made from this ma- 
terial was widely used during the 
war, and the upholstery fabrics for 
automobiles and railway coaches 
have been very promising. A co- 
polymer of vinylidene chloride and 
vinyl chloride is mixed with plasti- 
cizer and stabilizer, melted at 330°F, 
extruded from orifices into a water 
bath, and then stretched. Organic 
or inorganic pigments of high tinc- 
torial power and of fine particle 
size may be incorporated into the 
powdered resin before extrusion. 
Velon cannot be dyed and is said 
to be the most nonabsorptive plastic 
known. Fine filament extrusion is 
in the development stage. 
ri. J. 
Text. Research J. Mar. 1947 


Burnham 


Wool 


Photosensitive adsorption of water 
vapor on wool. Norman F, H. 
Bright and Thomas Carson. J. 
Soc. Chem. Ind. 65, 258-9 (Sept. 
1946) (through Bull. Inst. Paper 
Chem. 17, 210 (Dec. 1946)). 


The adsorption of water vapor on 
wool at atmospheric pressure of air 
at 5—20% relative humidity has been 
shown to be influenced by the action 
of light, the effect of irradiation be- 
ing to increase the moisture content. 
The magnitude of the change is of 
the order of 0.3—0.5% increase in a 
moisture content of 5% at 12% rela- 
tive humidity at 20°. The effect, 
which has been observed at both 20° 
and 35°, is rapid and reversible. 
The phenomenon has not so far been 
observed with a synthetic vegetable 
protein fiber. 

Text. Research J. Mar. 1947 


Worsted Spinning Costs 


Worsted spinning costs and other 
problems. Anon. Am. Wool 


and Cotton Reptr. 61, 15 (Jan. 16, 
1947). 


The editor’s answer to a reader’s 
query concerning comparative costs 


of making worsted yarn on the 
cotton system as against conven- 
tional methods. It is estimated 
that the difference would be greater 
than 12¢ per lb. in favor of the cot- 
ton system as the result of a lower 
wage rate, higher production per 
machine, fewer processing steps, 
less power, and less floor space. 

H. J. Burnham 
Text. Research J. Mar. 1947 


African Styles 


A history of West African styles. 
F. Crompton. J. Soc. Dyers and 
Colourists 62, 307-8 (Oct. 1946). 


A summary of a lecture. Typical 
designs preferred by the native 
African and the printing methods 
which have been used to obtain 
them are described. 

K. S. Campbell 
Text. Research J. Mar. 1947 


PATENT REFERENCES 
* 
Cotton Chopper 


Cotton chopper. Charles Frederick 
Callahan. U. S. 2,412,715 (Dec. 
17, 1946). 


An agricultural machine is described 
which performs the initial chopping 
of a row of cotton seedlings with the 
result that the remaining plants are 
in evenly spaced hills. The ma- 
chine combines with this device a 
fertilizer distributor and a series of 
plows and discs. A. R. Martin 
Text. Research J. Mar. 1947 


Cotton Spinning 


Spinning of cotton yarn. Benjamin 
L. Whittier and Willis E. John- 
son (to Mt. Vernon-Woodberry 
Mills, Inc.). U. S. 2,412,641 
(Dec. 17, 1946). 


Cotton roving is moistened, after 
being drafted but before twist is 
applied, by maintaining the fluted 
front roll of a standard spinning 
frame in a wet condition. This is 


* fabrics. A. 
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achieved by replacing the scavenger 
roll with a water trough and a serjes 
of dip rolls that carry water ‘o the 
ends of the roll bosses. The water 
spreads over the roll, aided by the 
flutings, and moistens each fiber 
alike as the roving is flattened out 
at the nip. It is claimed thai yarn 
breaks and fuzzy yarns are avoided, 
The advantage over other wet 
spinning methods is that the roving 
is drafted while dry. A. R. Martin 
Text. Research J. Mar. 1947 


Glyoxal Stabilization Process 


Textile material and method of 
preparing it. Edward C. Pfeffer, 
Jr., and Jack Epelberg (to Clu- 
ett, Peabody & Co., Inc.). U.S, 
2,412,832 (Dec. 17, 1946). 

This patent covers the well-known 

glyoxal process of Cluett, Peabody 

& Co. for stabilization of rayon 

R. Martin 

Text. Research J. Mar. 1947 


Warp Knit Fabric 


Warp knit fabric and method of 
making the same. Charles R. 


Burns (to Vanity Fair Mills, 
Inc.). U.S. 2,412,869 (Dec. 17, 
1946). 


A warp knit fabric consisting of two 
sets of warp yarns, one set being 
knitted into loops constituting suc- 
cessive courses, the loops in certain 
of said courses at spaced intervals 
in the fabric being of the nonrevers- 
ing closed type, the loops in the re- 
maining courses in the fabric being 
of the reversing closed type, and the 
other set of yarns being laid into the 
fabric in zig-zag directions and hung 
onto said nonreversing closed loops. 
Text. Research J. Mar. 1947 A. R. Martin 


Wool Transporting Device 


Wool storage and transporting me- 
chanism. Arthur M. Stevens. 
U. S. 2,412,844 (Dec. 17, 1946). 


A horizontally movable crane with 
a vertically movable grappling fork, 
suitable for sorting or transporting 
wool in partitioned warehouses. _ 

A. R. Martin 
Text. Research J. Mar. 1947 
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